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Alloy Composition Analysis Using 
Radioisotope-Excited X-rays 


C. A. ZIEGLER* and J. C. McCUE 


Tracerlab Inc., Waltham, Massachusetts, U.S.A. 
(Received 20 April 1961 


The non-destructive measurement of the weight per cent concentration of uranium in 
aluminum-uranium alloy is described. A technique is employed which utilizes beta excitation 
to generate the desired source of X-radiation. Of major significance is the utilization of a cheap 
and relatively safe gaseous radioisotope, krypton-85, in a convenient solid state. 

Analysis is performed by measuring the combined Rayleigh scattered and fluorescence X-ray 
flux from uranium. The determination is not dependent on uranium enrichment. Small 
sampling volumes (} cm*) may be analyzed in 3 min periods with a measurement accuracy of 
less than +1 per cent. 

The use of a radioisotopic source enables the apparatus to produce stable irradiation flux at 
low cost. Instrumentation and equipment requirements are not elaborate, thus the technique 
lends itself readily to process applications, particularly where portability is desired. 

L’,ANALYSE DE LA COMPOSITION DES ALLIAGES UTILISANT 
LES RAYONS X EXCITES PAR UN RADIO-ISOTOPE 

La mesure non-destructive de la teneur d’uranium dans les alliages d’aluminium et d’uran- 

ium en poids pour cent est ici décrit. On emploie une technique qui utilise l’excitation béta 


pour générer la source voulue des rayons X. De premiére importance est l'emploi d’un 


os 


radioisotope peu cotteux et rélativement peu dangereux, le krypton-85, en la forme commode 
d’un solide. 

On fait analyse par la mesure de la combinaison du flux dispersé de Rayleigh et de celui 
des rayons X a fluorescence. La mesure est indépendante de l’enrichissement de l’uranium. 
Des échantillons de petit volume (} cm*) peuvent etre analysés en des périodes de 3 minutes a 
une précision de mesure de moins de | pour cent. 

L’emploi d’une source radioisotopique permet a l'appareil de produire un flux de rayonne- 
ment stable avec peu de frais. Les besoins d’instrumentation et d’appareil ne sont pas com- 
pliqués, ainsi la technique se préte facilement aux applications industrielles, surtout lorsque 
la portabilité est exigée. 


COCTABA CILIABA TIPH TOMOUUL PEHTTEHOBCKOPO 
BbISBAHHOPO 

ypaHa B BeCOBLIX TIpOlentax B CILlaBe a. If TOT rpedy 
HCTOUHNKA PeHTeHOBCKHX Jly4ell IPUMeHAeTCA MeTOANKAa, 
rasa, Kpunrona-85, B YOOHOM COCTOAHHH. 

ypaHomM. usmMepenuit He oT ypana. Anais 
oOpasya OObema (1/4 MOmkeT ObITh 3a 3 MHHYTH C TOUHOCTLWO 
Npowenta, 

yeTpoiicrso MO*HO B Tam, re TpeOyeTcA Noptaru- 
BHOCTb. 


* Present address: Parametrics, Inc., Waltham, Mass., U.S.A. 
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C. A. Ziegler and J. C. McCue 


ANALYSE DER ZUSAMMENSETZUNG VON LEGIERUNGEN DURCH 
ANREGUNG VON RONTGENSTRAHLUNG MIT HILFE 
RADIOAKTIVER ISOTOPE 

Eine zerstérungsfreie Messung der Gewichts-Konzentration von Uran in Aluminium-Uran 
Legierungen wird beschrieben. Die angewandte Technik beniitzt §-Anregung zur Gewinnung 
der gewiinschten Réntgenstrahlenquelle. Besonders bedeutungsvoll ist dabei die Verwendung 
des billigen und relativ sicheren gasformigen Radionuklides Kr-85 in einer bequemen festen 
Form. 

Die Analyse wird durchgefiihrt durch eine kombinierte Messung der Intensitat der Rayleigh 
Streuung und der Fluoreszenzréntgenstrahlen von Uran. Die Bestimmung ist unabhangig von 
der Anreicherung einzelner Uran-Isotope. Volumsmiassig kleine Proben (1/4 cm*) kénnen 
innerhalb von 3 Minuten mit einer Messgenauigkeit von 1°, bestimmt werden. 

Die Verwendung von Radionukliden erméglicht einen billigen Apparat zur Erzeugung eines 
stabilen Bestrahlungsflusses. Die benétigten Instrumente und Hilfsmittel sind sehr einfach. 
Die Technik wird daher mit Vorteil bei Herstellungsprozessen Anwendung finden, besonders 


dann, wenn eine tragbare Apparatur bendétigt wird. 


INTRODUCTION 


Process control during the fabrication of consuming and expensive. This paper 
aluminum-uranium reactor fuel elements describes a non-destructive X-ray technique 


requires the measurement of uranium con- 
centration. Present techniques involve ingot 
sectioning and spot sampling analysis by 
wet chemistry, and are thus destructive, time 


utilizing a radioisotope-excited X-ray source 
which provides a highly stable X-ray device 
that is compact and inexpensive. 


MEASURING SYSTEM 


A schematic view of the measuring system 


is shown in Fig. 1. A unit constructed of 


lead contains a collimated X-ray source and 
detector. The collimator holes shown have 
rectangular cross section so that the sample 
area scanned is a rectangle approximately 
1} Lin. The output of the detector is 
amplified and the number of counts accumu- 
lated in a given time in a selected energy 
channel are recorded by a scaler. The 
electronic units are conventional. The 
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Fic. 1. Schematic view of the measuring system. 


detector is a sodium iodide crystal coupled 
to a multiplier phototube. 

The radioisotope-excited X-ray source 
utilizes krypton-85 /-particle interaction 
with uranium oxide powder to produce 
uranium X-ray fluorescence and Bremsstrah- 
lung. The inert radioactive gas is physically 
trapped in a powdered quinol clathrate 
material"), This type of source has unique 
safety advantages which make it desirable 
for industrial use, i.e. treatment of the 
powdered source material with water results 
in complete release of gaseous radiokrypton 
allowing easy decontamination and, since 
the gas is inert, it cannot enter into body 
metabolism. ‘The powdered clathrate is 
homogeneously combined with uranium 
oxide powder to form an X-ray source. An 
optimum source mixture for a krypton— 
clathrate activity of 90 mc/g consists of 50 
per cent quinol-krypton clathrate material 
and 50 per cent uranium oxide powder, by 
weight). Krypton-85 has a half-life of 10 
years and decays emitting f-rays (99-64 per 
cent) and y-rays (0°36 per cent). The 
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maximum f-energy is 695 keV and the y- 
energy is 540 keV“, The observed spectral 


a— 97 keV 


@ 


ro) 


oO 


COUNT RATE (Arbitrary Units) 


200 400 600 
PHOTON ENERGY (kev) 


Fic. 2. Photon spectrum from a Kr*—U,O, source 


Oo 


mixture (50 per cent U,O, by weight). 


output of the krypton-clathrate-L,O, mix- 
ture is shown in Fig. 2. The fluorescent K, 
X-rays from uranium produce the spectral 
peak at 97 keV (approximately 3-5 per cent 
of the #-particles produce K, photons through 
interaction with uranium atoms). 

The optimum source configuration for this 
device would be a line, i.e. having dimension 
in length only, because of the slit type of 
scanning geometry. In practice, the source 
must have some finite thickness. Because of 
source self-absorption, however, there is a 
thickness which if exceeded provides little 
additional flux. It was experimentally deter- 
mined that a source thickness of 1} in. was 
the best practically usable value. Other 
source dimensions are the same as the 
collimator cross section, i.e. 1} Lin. 


THEORY OF MEASUREMENT 


X-rays from the source are allowed to 
impinge on the ingot to be sampled. They 
interact with atoms of the sample in various 
ways, i.e. photoelectric absorption, Compton 
scattering and Rayleigh scattering. All the 


processes can result in secondary photon 


production. Of the considered 
only two, Rayleigh scattering and photo- 
electric absorption, result in secondary 
radiation that is highly characteristic of the 
elemental composition of the scattering 
medium. Thus, Rayleigh scattering, which 
is approximately dependent on Z?*/g, and 
fluorescent X-rays resulting from photo- 
electric absorption, are entirely character- 
istic of the emitting atoms. Compton 
scattering on the other hand is relatively 
independent of Z on a per gram _ basis. 
However, Compton scattered photons are of 
lower energy than primary photons (and the 
energy degradation increases with the scatter- 
ing angle) while Rayleigh scattered photons 
have the same energy as the primary photons. 
Hence, it is possible to differentiate on an 
energy basis between secondary radiation 
that is dependent on elemental composition 
(Rayleigh and fluorescent) and that which 
is relatively less dependent (Compton). 

If the scattering medium is composed of 
two elements of widely different Z (as in the 


processes 


case of aluminum-—uranium alloy), both the 
Rayleigh scattering and fluorescent X-rays 
from the high Z element are readily usable 
as a means of quantitative analysis by 
incorporating suitable energy discrimination 
into the measuring system. For example, 
consider a collimated beam of monoenergetic 
X-rays, Ep = 116 keV, impingent on a pure 
aluminum sample where secondary radiation 
at 90 
The observed 
ideal collimation 
would consist of a Rayleigh scattered line at 
116 keV, a Compton line at about 94 keV 
and aluminum A, fluorescent radiation at 
keV. By means of a suitable energy 
discrimination a “signal’’ channel between 
96 and 117 keV can be chosen so that only 
the Rayleigh scattered radiation will be 
recorded. If uranium atoms are added 
homogeneously to the sample, the intensity 
of the Rayleigh line will increase, the 
fractional change being a function of Z? 
Z3,". Furthermore, fluorescent radiation 
from uranium will appear in the “signal” 
channel to enhance the total number of 
counts per unit time recorded. ‘Thus, 
ideally, the background in the “signal” 
channel from aluminum would consist only 
of Rayleigh scattered photons while the 


is viewed by a collimated detector. 
assuming 
resolution 


energy sper trum, 
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signal from uranium atoms would consist of 
Rayleigh scattered plus fluorescent radia- 
tion. ® 

As can be seen in Fig. 2, the spectrum of 
the primary radiation is not a line but is 
composed of photons of many energies. Also, 
the resolution of presently known detectors 
is far from ideal. ‘Typically, the resolution of 
a sodium-iodide crystal detector (which 
varies with a photon energy) is 12-18 per 
cent over the energy region being considered 
here. These practical shortcomings however 
are mitigated by the measuring technique 
employed. ‘Thus, primary photons below 


115 keV cannot excite uranium fluorescence 
although they can be Rayleigh scattered by 
uranium; primary photons above 115 keV 
are able to generate uranium fluorescence 
but have a low probability of being Rayleigh 
scattered. Therefore, by using both Rayleigh 
and fluorescent radiation for uranium deter- 
mination, it is possible to use a large part of 
the broad primary X-ray spectrum produced 
by the source without sacrificing specificity. 
Also, this method requires an_ energy- 
resolving power easily obtained with existing 
X-ray detectors. 


EXPERIMENTAL RESULTS 


The broad primary spectrum prevents 
simple analytic prediction of the best energy 
region to use as the “signal’’ channel. Hence, 
this was empirically determined by examin- 
ing the results of many experimental deter- 
minations obtained with various upper and 
lower levels of energy discrimination. It was 
found that the best system response was 
obtained by using a “‘signal”’ channel between 
85 and 116 keV which appears reasonable, 
since this region excludes most Compton 
scattered radiation while it includes most of 
the Rayleigh scattered and all the fluorescent 
radiation for uranium. 

It would be possible to obtain enhanced 
energy discrimination against Compton 
radiation by increasing the scattering angle. 
Practically, however, this is undesirable, 
since if a large scattering angle is used, the 
depth of scan of the device becomes large 
and the system response tends to become 
dependent on sample thickness. It was 
desired to limit the scanning depth to 0.1 in. 
(the minimum expected ingot thickness), 
corresponding to a maximum usable angle 
of 90°. Under this condition, three samples 
having the same concentration but varying 
thicknesses (from 0.1 to 0.25in.) were 
measured and, within statistical accuracy, 
were found to give equivalent response. 


Eight samples varying from 0 to 37.5 
weight per cent uranium in aluminum 
having thicknesses of from 0.1 to 0.25 in. 
were then measured, the uranium con- 
centration of these samples having been 
previously determined by wet chemical 
analysis (accuracy +1 per cent). After 
suitable corrections for background radiation 
and the natural radioactivity of the samples, 
a net signal count rate was obtained for 
each. The normalized response curve is 
shown in Fig. 3. 


RESPONSE (Arbitrary Units) 


URANIUM CONC. (percent) 


Fic. 3. System aluminum-uranium 

alloy samples. per 

indicated error in response is the relative 

probable error as determined from. statistical 
considerations. 


response to 
Error in concentration is 
cent; 


DISCUSSION 


The observed response curve is not a 
perfectly straight line over the entire range 
of the concentrations shown. This is because 


of absorption of radiation within the “‘sensi- 
tive volume” of the instrument. Theoretically 
a straight line response can only occur if 
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self-absorption within the sample is zero. 
This case can be approached by making the 
“sensitive volume” very small. ‘This, how- 
ever, is undesirable since the total counts 
accumulated in a given time then becomes 
very small. Also, while ingots are assumed 
homogeneous, this is only nominally true, 
and so it is necessary to sample a significantly 
representative volume of the sample. ‘Thus 
a compromise between 


non-linearity of 


response, short measuring time and reason- 
able sampling volume must be accepted. 
The present device samples a volume of 
about } cm*. The response curve shown was 
obtained with 5 min measuring time per 
sample. 

At present, a prototype apparatus is being 
designed to provide a determination of 
uranium concentration in less than 3 min 
with an error of less than +1 per cent. 


CONCLUSIONS 


A technique for utilizing the broad 
spectral output of a_ radioisotope-excited 
X-ray source for X-ray composition analysis 
of alloys containing two metals of widely 
disparate Z has been demonstrated. Practi- 
cally, the use of a radioisotope-excited source 
makes it possible for the apparatus to be 
small, portable and low in cost. It is thus 
well suited for industrial use as a process 


control unit. Also, since the method is 
non-destructive and fast it provides greater 
accuracy in process control than con- 
ventional chemical analysis. 


Acknowledgment—This work was supported by the 
Office of Isotopes Development, Isotope ‘Technology 
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The Use of Bis-(2-alkoxyethyl) Ethers as 
Antifreeze in Naphthalene—1 ,4-Dioxane 


Scintillation Mixtures 
F. A. LOEWUS 


Western Regional Research Laboratory,* 
Albany, California, U.S.A. 


Received 15 April 1961 


\queous radioactive samples can be counted in naphthalene—| ,4-dioxane scintillator mixtures 
at temperatures below 0°C without freezing by replacing a portion of the 1,4-dioxane with bis- 


2-methoxvethyl ether (diglyme) or bis-(2-ethoxyethyl)ether (diethyl carbitol). As little as 


2 ml of diglyme or diethyl carbitol will allow 15 ml samples containing | ml of water to be 


+°C with better than 90 per cent of the efficiency of the pure naphthalene~—1,4- 


counted at 


dioxane system. 


L°EMPLOI DES ETHERS BIS/2-ALKOXYETHYLIOUES COMME ANTIGEL 
DANS LES MELANGES A SCINTILLATION DE LA NAPHTALINE 
AVEC L’1,4-DIOXANE 


On peut compter les échantillons radio-actifs aqueux dans les mélanges scintillants naphta- 


line-1,4-dioxane aux températures audessous de 0°C sans congélation, en remplacant une 


portion de 1°1,4-dioxane par de l’éther bis/2-méthoxyéthylique (diglyme) ou par de l’éther 


bis/2-éthoxyéthylique (carbitol diéthylique). Une quantité de seulement 2 ml. de diglyme ou . ; 
de carbitol diéthylique permettra le comptage des échantillons de 15 ml. contenant | ml. d’eau ‘ 3 

1 —4°C a mieux que 90 pour cent de l’efficacité du systéme pur de naphtaline-|,4-dioxane. 54 


HPHUMEHEHHE SOHPOB B KAYUECTBE AHTH®PH3SOB 
B CMECSIXN JL1TH 


MOTH. MOTH. KapOnTola B KOJM4eCTBAX Hac- 
oO 1] MI BOLI, TeMilepatype °C, HSMepeHnii 


DIE VERWENDUNG VON DI-(2-ALKOXYATHYL)-ATHER ALS ANTIGEFRIER- 
MITTEL IN 

Radioaktive Proben in wasseriger Lésung kénnen in Naphtalin-1,4-Dioxan Mischungen bei 
Temperaturen unter 0°C gezahlt werden, ohne dass Gefrierung eintritt, wenn cin Teil des 1,4- 
Dioxans durch Di-(2-Methoxyathy])-Ather (Diglym) oder Di-(2-Ethoxyathyl])-Ather (Diathyl- 
carbitol) ersetzt wird. Die Verbindung von 2 ml Diglym oder Diathylcarbitol gestattet die 
Messung von 15 ml Proben, welche | ml Wasser enthalten, bei —4°C, wobei die Empfindlich- 
keit verglichen mit reinem Naphtalin-1,4-Dioxan mehr als 90°, betragt. 


* A laboratory of the Western Utilization and Research Division, Agricultural Research Service, United States 


Department of Agriculture. 
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Tue naphthalene—1,4-dioxane liquid scintil- 
lator mixture, which was first described by 
Furst et al.“ and later modified by LANGHAM 
et al. and WERBIN et al.), has proved to be 
an extremely useful and versatile solvent 
mixture for counting tritiated water and 
aqueous solutions of tritiated compounds. 
However, the relatively high melting point 
of 1,4-dioxane (+11°C) has limited this 
system to use above 0°C, usually in the range 
+2 to +5°C depending upon the purity ofthe 
dioxane and the amount of water and 
naphthalene added. In contrast to this 
system, toluene-soluble compounds and in- 
homogeneous systems in which toluene is the 
scintillator solvent are normally counted 
between —4 and —8°C. It would be highly 
desirable if the naphthalene—1,4-dioxane 
system could be modified to permit aqueous 
samples to be counted at this lower tempera- 
ture range for at least two practical reasons. 
First, the temperature adjustment required 
in changing from one solvent system to the 
other could be avoided. This adjustment is, 
at best, sluggish, due to the bulk of the 
counter and the insulated (high vacuum) 
nature of the photomultiplier elements. 
Second, it would permit continuous counting 


A Packard Tri-carb series 314A liquid 
scintillation spectrometer equipped with an 
automatic sample changer was _ used. 
Samples were counted at a discriminator 
window setting of 10—50 using 1150 V and a 
counting chamber temperature of —4°C. 
Under these conditions, a background count 
of 25-30 counts/min was obtained with a 20 
dram glass vial containing 15 ml of naphtha- 
lene—1,4-dioxane scintillator mixture in the 
counting position. Solvents and chemicals were 
obtained from the indicated commercial 
sources and were used without further 
purification. 


Eastman No. 2144 

Eastman No. P- 
6843 and Aldrich 
Chemical Com- 
pany 


1,4-Dioxane. 
Bis-(2-Methoxy- 
ethyl)ether. 


The use of bis-(2-alkoxyethyl)ethers as antifreeze in naphthalene—I ,4-dioxane scintillation mixtures 


EXPERIMENTAL 


of samples, regardless of their solvent 
composition, in counters equipped with 
automatic sample-changing devices. 

This communication describes a modi- 
fication of the naphthalene—1,4-dioxane 
mixture which allows aqueous samples to be 
counted at sub-zero temperatures with 
relatively small loss in counting efficiency. 
The antifreeze used is a bis-(2-alkoxyethyl) 
ether, either bis-(2-methoxyethyl)ether, 
commonly referred to as diglyme™, or 
bis-(2-ethoxyethyl)ether, commonly referred 
to as diethyl carbitol. The latter has been 
tested singly as a scintillator solvent by 
Davipson and Feicerson and found to 
have 32 per cent of the efficiency of toluene. 
The naphthalene—1,4-dioxane-diglyme and 
carbitol 
mixtures described in the present paper are 
clear colorless solutions which are miscible 
with water over a wide range. About 10 per 
cent of bis-(2-methoxyethyl)ether in the 
naphthalene—1,4-dioxane mixture will 
prevent freezing at —4° in samples contain- 
ing 6 per cent water. The counting efficiency 
under this set of conditions will be about 12- 
13 per cent of the total number of H? 
disintegrations. 


Eastman No. 4738 


Bis-(2-ethoxy- 
ethyl)ether. 

Naphthalene (re- 
crystallized from 


Matheson, Cole- 
man, Bell No. 


alcohol). 2616 
2,5-Diphenyloxazole —_ Packard Instrument 
PPO). Co. 
| ,4-Bis-2-(5-phenyl- Packard Instrument 


oxazolyl) benzene Co. 


(POPOP). 


All samples were counted in clear low 
potassium glass vials supplied with metal- 
lined screw caps. Comparison of the observed 
counts with those obtained from an aliquot 
of standardized tritiated water (Packard 
Instrument Co. dated 2 June 1960 at 1.7 
10°d.p.m.) provided the basis for the 
efficiencies reported herein. 

To each solvent (1,4-dioxane, diglyme and 
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diethyl carbitol) was added 100 g/l. naph- 
thalene, 7 g/l. PPO and 0.3 g/l. POPOP*®. 
All solids were dissolved before the final 
volume adjustment was made, since a slight 
volume increase was noted. 
1,4-dioxane and diglyme or diethyl carbitol 
were prepared from the stock solutions. ‘The 
volume ratios were such that the final 
volume was 14 ml in each sample. Tritiated 
water containing approximately 10° d.p.m. 


Mixtures of 


After 
thoroughly mixing the contents of each vial, 
the samples were placed in the sample 


per ml was added to each sample. 


changer at —4°C and held for at least 4 hr 
before recording the first count. Each 
sample was counted every 10 min and each 
set of samples recounted 4 times. All counts 
from a single sample fell within +5 per cent 
of the average count for that sample and, in 
most instances, the spread was even less. 


RESULTS 


| 
14} 
$12) = 
S10} 
~ . 
2 
6} 
-4° -18° 
, = 
14 12 10 8 6 a 2 ° 
mi. of |,4-Dioxane 
2 6 8 10 12 14 


mi. of Diglyme or Diethy! Carbitol 


Fic. 1. A plot of the efficiency of naphthalene 
1.4-dioxane scintillator mixtures in which 1,4- 
dioxane is replaced by increasing amounts ol 
diglyme (‘‘practical” grade @ and A, “refined” 
grade or 
containing 1.0 ml of tritiated water are indicated 


diethyl carbitol Samples 


as round symbols (@, while those containing 


0.25 ml are indicated as angular symbols (4, 8). 


Figure 1 shows the effect of replacing 
1,4-dioxane with diglyme or diethyl carbitol 
on the efficiency of counting. Some scatter- 
ing of experimental points occurred due to 
sampling errors as the tritiated water 
aliquots were added to the samples. ‘This is 
most evident in the data obtained with 0.25 
ml water aliquots. The arrows above the 
abscissa indicate the composition of the 
mixture required to protect a sample from 
solidifying at the indicated temperature 
when at least 0.25 ml of water is present in 


the mixture. When only a few microliters of 


water are to be added, additional diglyme or 
diethyl carbitol may be required to prevent 
crystallization of the dioxane—naphthalene 
mixture. Diglyme mixtures showed less 
quenching than diethyl carbitol over the 
entire range of mixtures. Little if any 
difference was observed between so-called 
“practical” and “refined” grades of diglyme 
in these mixtures. The size of the water 
sample to be added to the liquid scintillator 


mixture has some effect on the efficiency of 


counting, as seen in Fig. 2. ‘The naphthalene 

| ,4-dioxane liquid scintillator mixture, used 
to obtain the data in Fig. 2, contained 13 per 
cent diglyme. Counting was done at —4°C 
on samples that showed less than | per cent 


Per Gent Efficiency 


on 


02 04 06 0.8 Lo 
mi. of Water Added to Counting Mixture 


Fic. 2. A plot of the efficiency of 14 ml samples of a 
liquid scintillator mixture to which was added 
d.p.m.) and 
varying amounts of unlabeled water. The liquid 


20 wl of tritiated water (3.2 


scintillator contained 100 g naphthalene, 7 g PPO, 
0.3 g POPOP and 130 ml diglyme in 1,4-dioxane 
to a total volume of | |. 
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The use of bis-(2-alkoxyethyl) ethers as antifreeze in naphthalene—\,4-dioxane scintillation mixtures 


variation in counts between replicates at 
each experimental point determined. 

These results do not represent the best 
efficiencies obtainable with naphthalene— 
1,4-dioxane. Chemicals and conditions were 
selected as representative of a practical 
approach toward counting aqueous samples 
below 0°C, the region normally used to 
count toluene mixtures. Higher efficiencies 
can be achieved by using a broader window 


in the discriminator setting of the counter, by 
limiting the size of the aqueous sample and 
by further purification of the solvents. In 
most instances, however, the procedure 


outlined in this paper will suffice. 


Note: Reference to a company and/or product name 
by the Department is only for purposes of information 
and does not imply approval or recommendation of 
the product to the exclusion of others which may also 
be suitable. 
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In this paper a theory of the spatial response of multichannel collimated scintillation detectors 
is developed which includes the effects of radiation penetrating the septa between channels of 


the collimator. 
Che calculated values of detector response function half-widths are in agreement with the 


experimental values published by others. 


DES DETECTEURS A SCINTILLEMENT COLLIMES 
EN CANNELURES MULTIPLES 


Dans cette communication on présente une théorie de la réponse en l’espace des détecteurs a 


LA THEORIE 


scintillement collimés en cannelures multiples, laquelle comprend les effets du rayonnement 


qui pénétre les séparations entre les cannelures du collimateur. 
Les valeurs calculées des demi-largeurs de la fonction de réponse du détecteur accordent 


avec les valeurs expérimentales que d’autres personnes ont publiées. 


MHOPORAHA-IBHBIX 
(LETERTOPOB 

Paspa6oTtana TeOpHA MpocTpancTBeHHO KOJLIN- 


TEOPHA 
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THEORIE DES KOLLIMIERTEN VIELKANAL-SZINTILLATIONSDETEKTORS 
In dieser Arbeit wird eine Theorie iiber die raumliche Ausbeute eines kollimierten Vielkanal- 
Szintillationsdetektors entwickelt, wobei die Effekte der in die Scheidewande zwischen den 


Kandlen eindringenden Strahlung beriicksichtigt werden. 
Die berechneten Werte fiir die Halbweiten der Detektoransprechfunktion sind in Uberein- 


stimmung mit den experimentellen Ergebnissen anderer Autoren. 


INTRODUCTION 


GAMMA-RADIATION detectors of high spatial sensitivity is low. Multichannel collimators 
resolution and high sensitivity are required provide both high resolution and adequate 
for the accurate localization of radioisotopes _ sensitivity. The resolution is improved by 
in vivo. While single-channel collimated narrowing the channels, and the sensitivity 
detectors can achieve high resolution with a maintained by placing more of the narrower 
sufficiently narrow channel, the associated channels in front of the same crystal; but a 
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limit to this process is imposed by the effects 
of radiation penetrating the shielding septa 
between channels. 

One of the earlier publications suggesting 
the use of these collimators in brain-tumour 
diagnosis was that of Newer et al." 
Subsequently and 
employed several types of collimators in 
thyroid studies, while the response curves of 
two others have been published by FRANcIs 
et al.) Their use in thyroid scanning has 
been evaluated by Brucer®?. 

On the theoretical side, a simple “‘geo- 
metrical” theory of the single-channel col- 
limator has been given by VAN DER Dors DE 
Bye‘®), and Browne.v'’ has given a geo- 
metrical theory in the multichannel case. 
However, no allowance was made for the 
considerable effects of radiation penetrating 
the shielding between channels and for that 
penetrating the general shielding around the 


detector. The effect on detector response of 
y-radiation penetrating the walls of a 
single-channel collimator has been treated 
by MarHer'®?, 

Since the penetration of radiation alters 
the response curves from those given by 
geometrical theory, it has not been possible 
to design multichannel collimators the 
response characteristics of which would be 
known in advance to be suitable for a 
specific purpose. This paper is aimed at 
formulating a theory which adequately 
predicts the response characteristics. 

Some approximations have been used in 
order to simplify the problem, and are 
referred to below. The effect of radiation 
penetrating the shielding septa between 
channels is considered, but not that due to 
penetration of the shielding around the 
detector; this can be minimized with 
sufficient shielding material. 


GENERAL CONSIDERATIONS 


Since y-emitting isotopes decay by 


emission of discrete y-energies rather than 
by emission of a continuous spectrum of 
energy, it is the usual practice to eliminate 


most of the background and _ scattered 
radiation by accepting for analysis by the 


detecting system only those electronic pulses 


which correspond to the major peak of 


y-cmission. 

Scattered radiation of lower energy always 
arise in the tissues where the isotope distri- 
bution occurs, and if accepted would impair 
the spatial resolutions of the detector. In 
multichannel collimated detectors scattering 
also occurs when radiation impinges on the 
shielding septa between channels. ‘The use 
of a pulse height analyser is_ therefore 
essential. Otherwise any advantage gained 
by using many channels will be nullified by 
the effects of the scattered radiation. 

Since only the radiation in the major peak, 
and a small amount scattered from higher- 
energy peaks, will be detected by the 
electronics, it is permissible to develop the 
theory of the response of the collimator 
solely in terms of this y-energy. 

The detector considered in these studies 


consists of a cylindrical scintillation crystal 
optically coupled to a photomultiplier sur- 
rounded by a thick layer of shielding 
material. In front of the crystal a number of 
channels are made through the shielding. 
The axes of these channels meet on the 
collimator axis distance from the 
collimator as shown in Fig. 1. This point is 
called the geometrical focal point. The apex 
of the cone of an individual channel is called 
the individual channel focus and need not 
necessarily coincide with the collimator focal 
point. In general these foci lie in a plane 
beyond the focal point as shown in Fig. 1. 
It is found below that it is preferable for the 
individual channel foci to coincide with the 
focal point but, since this is sometimes 
prohibited by manufacturing problems, the 
geometry has been formulated in the general 
case of p * 0. The collimator parameters 
are as defined in Fig. 1. 

In the plane of the crystal face the channels 
are arranged as shown in Fig. 2. This 
arrangement is that for close packing of 
circles in a plane and thus affords the 
maximum number of channels over a given 
area of crystal. 
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Fic. l. M iltichannel collimated detector showing 
parameters. 


The position of the point source is de- 
scribed by co-ordinates z and r where 
z = distance of the point source from the 
plane of the collimator face, and 
r = distance of the source from the 
collimator axis. 


The response of a single-channel collimator 
is not accurately given by geometrical theory 
owing to y-radiation penetrating the walls 
of the collimator, mostly near the aperture. 
The effect is both an apparent increase in 
sensitivity and a decrease in resolution when 
compared with the predictions of geometrical 
theory. 

The problem of a single cylindrical 
channel collimator has been studied by 
Maruer‘*) who concluded that the col- 
limator’s actual response was approximately 
the same as the geometrical response of a 
collimator identical to the first except that a 
slab of material equivalent to one mean free 
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RADIATION PENETRATING THE CHANNEL EDGES 


Using the approximation that the shielding 
material is perfectly opaque to radiation, 
the geometry of a channel defines two 
concentric circles in the plane of constant z 


Fic. 2. Plan of arrangement of channels (the case 
shown is that of V +). 


containing the source. If the source lies 
within the smaller circle, all of the crystal 
area at the base of the channel receives 
radiation from it, and if it lies without the 
larger circle no radiation reaches the crystal 
area. Radiation from a source placed 


between the circles passes through part of 


the area at the base of the channel. Channel 
sensitivities calculated on this basis are called 
“‘veometrical”’ sensitivities. 


path of the radiation in the shielding 
material was removed from each end of the 
collimator (Fig. 3). 

The approximation of MATHER is much 
better at smaller values of the angle, (, 
between the incident y-ray and the channel 
axis than it is for larger values. In the 
single-channel case, if v < 0-9 where 


v = (bg/a) tan 


the error involved is negligible. For v = 1-0 
the error is about 10 per cent, and rapidly 
becomes worse at higher values of v. In the 
case of the 2in. multichannel collimator 
considered below, (dg/a) ~7 and the least 
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Crysto! 


plane 


Siabs of shielding 
material removed 


Collimator 
face 


Response 
curve 


Fic. 3. Effect on response of radiation penetrating 
the edges of a single-channel collimator. 


value of z/b for a point source on the axis, 
which ensures that v < | for all channels, is 
0-75. For the 3in. collimator (dg/a) ~ 12 
and the least value of z/d for a point source 
on the axis, which ensures that v < | for all 


channels, is 0-85. 

The use of MATHER’s approximation for 
positions of the source close to the collimator 
face can therefore be expected to introduce 
some discrepancy. 


RADIATION PENETRATING THE SEPTA BETWEEN CHANNELS 


There remains a contribution to the 
sensitivity of a channel from radiation which 
penetrates the shielding septa between 
channels. Thus, for a given channel and 
source position no radiation may reach the 
crystal directly, even with the modified 
geometry described in the previous section, 
but the response will not be zero since some 
radiation will penetrate the shielding septa 
to reach the area of crystal at the base of the 
channel. 

In order to allow for this effect, which will 
become more important at high gamma 
energies and small septa thicknesses, let us 
first examine the two-dimensional case 
outlined below. 

Consider the situation where the radiation 
is incident at an angle @ with the crystal face 
AA’ at the channel distant nd from A (Fig. 4). 
The length of the segment of the line BB’ 
which traverses a septum is called the 
“penetration length”. 


Expression for total penetration length 

The penetration length (line segment FE, 
Fig. 4) in the septum immediately behind 
the channel whose base is distant md from A 
is 


l 


t+C 
sind (¢+B~1+D) 


0" 
Fic. 4. Septa penetration in the two-dimensional 
case. 
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where 


q)b cot 6 
d 


g)bcoté 
d 
The total penetration length in all septa 
between the points B and B’ is thus 


> L(m,n,6 


AD—BL 
D)) 


q b| 
sin@ (|{(t + B) (t 
for given n. 
We write 


a/d)' 
where 
q)b cot 6 


d 


Now A.D — B.C 


q)b cot 6) 
d 

so that the total penetration length is 
- q b | l 


. 
l1—a/d \” ls. 


d | 


sin 4 
Dependence of S on a/d 
Let usnow write z=t+(n 


1+ q)be 6 
where R = 


,andc 


so that 


Now clearly 


and hence 


- ald)} 

l 

+ 1) 
k -1)+4+R 
k 1) + a/2d +R 
ky 1) + 2B. 
Thus the minimum value of the sum occurs 
when a/d = | and the maximum when a/d 
0, that is S, < S < Sy, where S, and S, are 
the values of S when a/d is 0 and 1, respec- 
tively. 


where 


Approximation for nS 

1) First consider the restriction 6 = 7/2. 
Under the further restriction n 1, we find 
that the value of § when a/d = 0 is given by 


The total penetration length is then (1 + q)d. 

This is obviously correct, since (1 q)b 
is the perpendicular distance between AA’ 
and 00’ and a = 0 implies that the channels 
have vanished to zero width and the whole 
area is covered by septa. 


The value of § when a/d = 1 is given by 


Since S, < S$ < So, it is clear that if nS is 

assumed to be equal to unity it is never in 
error by more than 7 per cent. 

In the case of n = 2, we may write = 
1, and the values of S are 


t m—n x 

A= -a/2d 
1 + 

B =n —a/2d = 
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Since S, < S < S, it follows that nS never 
differs by more than 2 per cent from unity. 
It can be shown that ifn = 3, 

Se 1/3 
that is aS, = | 


and that,in general,nS, = 1 for all values of n. 


It can be shown that if 
2 = §, S, = 0-330 and nS, 
n = 4, S, = 0-249 and nS, 


0-99] 
0-995 


and as nS, — 1. 

Thus for all non-zero values of n and 4 
7/2, the approximation n§ l is accurate to 
better than 2 per cent, except in the case 
n | where it is accurate to 7 per cent. 

(2) If we remove the restriction 6 = 2/2 
and consider the case of n 1 we have 

| 
So 2 (R+t)(R+t+1) 


=» : j for all values of R. 


That is, (1 + R)S, = 1. 
The expression for S, is given by 


For a few values of R the corresponding 
values of (1 + R)S, are 


R R)S, 


0-936 
0-967 
0-980 
0-991 
1-000 


Since $, < §$ < Sy it is clear that for any 
value of R and when n l 


(1 + R)S = 1 


with any error of less than 2 per cent except 
when R < | where the error is less than 7 per 
cent. 

It can be shown that for higher values of n 
and any value of & the error involved is even 
smaller. 


Channel sensitivity to a point y-source after septa 
penetration 


It follows that the total penetration length 
may be expressed as 


for any channel position defined by n and 
any inclination 6. 

This approximation is the product of the 
length of the line BB’ and the fraction of the 
area between AA’ and 00’ which is 
occupied by septa, and is obviously correct 
in the cases of a = 0 anda = d. 

If a line CC’ corresponding to the col- 
limator face was drawn parallel to 00’ and 
distance / from it, the total penetration 
length on any line drawn from a point on 
00’ to the centre of a channel on CC’ would 
clearly be 


b 
(1 — a/d). 
sin 6 ‘ 
The total penetration length between CC’ 
and AA’ will therefore be written (by 
subtraction) as 


gb 


(1 —a/d). 
sin 


This approximation is taken over into the 
case of a three-dimensional collimator so that 
the sensitivity, G, of a channel to a point 
source at (z, r), where the radiation reaches 
the crystal after septa penetration, is written 
as 


where 


(l —a'/d 


E =exp|—n,4 


= linear absorption coefficient in the 
shielding material 


and 


cosine correction 


/2 
¢ = 4 
3 


S = distance from source to centre of 
channel area at crystal face. 


Even in the two-dimensional case, the 
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expression for E is approximate because an 
average penetration length (that to the 
centre of the channel) has been used instead 
of an integration over the penetration lengths 
to all elements of the channel area. In the 
three-dimensional case the expression for G 
overestimates the penetrating radiation, 
because (d — a’) is the minimum distance 


Single and multiple interaction processes, 
in which all the photon energy is transferred 
to the crystal, result in a pulse within the 
photopeak. For a given crystal and y- 
energy, the probability of obtaining a pulse 
in the full-energy peak is approximately 
proportional to that of obtaining any pulse 
at all, that is, 1 — e~”e”, where P is the path 
length in the crystal and yw, is the linear 
absorption coefficient. 

The values of uw, were obtained from tables 
of absorption coefficients’®. Absorption 


The detector response to a point source of 
radiation was obtained by summation of the 
channel responses. The calculations were 
performed for a matrix of positions of the 
point source to obtain the spatial response 
characteristics of the detector. 

The calculated response of a channel to a 
point source was a continuous function of its 
position because the response, when only a 
part of the channel received radiation 
directly, was expressed as the sum of the 
radiations penetrating and not penetrating 
the septa. The detector response was thus 


The calculations predict a point of 
maximum response on the collimator axis 
between the geometrical focus and the 
collimator face. The response in planes 
perpendicular to the axis is shown in Fig. 5 
where the half-width* of the response curve 
in the plane through the point of maximum 


* The “half-width” is the full width at half maximum. 


RADIATION PENETRATING THE CRYSTAL 


CALCULATION OF DETECTOR RESPONSE 


COMPARISON WITH EXPERIMENT 


through a septum in the plane of the crystal 
face. 

The restriction » = 0 on the collimator 
structure has been tacitly assumed above. 
For p = 1 and g = 1 a simple calculation 
shows that the approximation (1 — 10/9. a’/d) 
may replace (1 — a’/d) in the expression for 
G. 


processes which do not result in a transfer 
of energy to the crystal must be excluded 
from the crystal efficiency computations, so 
that total coefficients were employed after 
the contributions due to coherent (Rayleigh) 
scattering had been subtracted. 

The response of a channel after geo- 
metrical and septa penetration effects had 
been taken into account was multiplied by 
the crystal penetration correction to yield 
the corrected channel response. 


ensured to be a continuous function of source 
position. 

An exact calculation of detector response, 
including septa penetration effects, involves 
the integrals of functions 
analytic integration and the roots of algebrai- 
cally insoluble equations. Numerical 


solution of the equations and completion of 


the integrals is prohibited by the time 
required even when using an electronic 
computer. The approximations developed 
in the preceding sections brought the 
problem into the range of practical solution. 


sensitivity is seen to be smaller than in other 
planes. 

The calculations were compared with the 
results of experiments with multichannel 
collimated detectors published by FRANcIs 
et al,» 


For the 2 in. collimator and 0-321 MeV 
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sensitivity 


Relative 


Only one holf of eoch 
symmetrico!l curve is 
shown 


Distance 


radiation, the response along the axis is shown 
in Fig. 6, and that perpendicular to the axis 
at a distance z/b = 0-8 in Fig. 7. While the 
theoretical and experimental values do not 
coincide exactly, the general agreement is 
satisfactory. ‘There is good agreement in 
Fig. 7 between the theoretical and experi- 
mental values of the half-width. 

Similar curves for the 3 in. collimator are 
shown in Figs. 8 and 9. In Fig. 9 the 
theoretical and experimental half-widths 
agree to 6 per cent. The discrepancy in Fig. 
8 between the theoretical curve and experi- 
mental values at distances close to the 
collimator face is probably due to the failure 
of MarHer’s approximation for the larger 
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2 Experimental 
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ot maximum sensitivity 
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Fic. 6. Comparison of theoretical and experimental 
response of 2 in. collimator to point source of 


0-321 MeV on axis of collimator. 
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Fic. 9. Comparison of theoretical and experimental 
response of 3in. collimator to point source of 
0-321 MeV situated in the plane z/b l. 


angles between the incident y-rays and the 
channel axes. 

The response of the 3in. collimator to 
1-368 MeV is shown in Fig. 10 where, 
instead of a rise to a maximum followed by 
a fall (as in Figs. 6 and 8), there is a steady 
fall in relative sensitivity with increasing z/b. 
The collimator is thus unsuitable for use 
with radiation of this energy, since it has no 
focussing property. 


In Fig. 9 the half-width is 1-06 in units of 


ria whereas in Fig. 7 it is 1-29. This is 
evidence for the fact that it is preferable to 
have p = 0, rather than p = 1. 

Slight discrepancies which are apparent 
at high and low values of z/b are due to the 
approximations employed in the theoretical 
calculations and possibly also to imperfec- 
tions in the manufacture of the collimators, 


Since the major application of multi- 
channel collimated scintillation detectors is 
in the detection of concentrations of y- 
emitting isotope which are distributed in 
human or animal tissue, it is important to 
assess whether the presence of tissue will 
substantially alter the response curves in 
vacuo which have been discussed so far. 


J. Myhill 


TISSUE ABSORPTION 


* The “resolving distance” in any plane is proportional to the half-width of the response curve in that plane. 


Theoretical 


Experimental 
2 The results are normalized ile. 


ot z/b = 0-933 


Relative sensitivity 


Distance from collimator face, units of z/b 


Fic. 10. Comparison of theoretical and experi- 
mental response of 3 in. collimator to point source of 
1-37 MeV on axis of the collimator. 


particularly in the placement of the channels, 
which would have the effect of broadening 
the response curves along the axis in a 
manner analogous to poor focussing of a 
light beam. 

The ratio of the incident radiation’s mean 
free path to a measure of the septa thickness, 
‘d — a’), may be taken as an indication of 
the collimator’s suitability for use with 
radiation of a given energy. For the 3 in. 
collimator and 1-368 MeV, this ratio is 6-6 
and the collimator is unsuitable. For 0-321 
MeV and this ratio, a would be 0-1 cm and 
such a collimator would be unsuitable for 
localizing Cr®! even though the “geo- 
metrical” resolving distance* is about | mm. 
A ratio of 1-1 obtains in the case of the 3 in. 
collimator with 0-321 MeV and is quite 
satisfactory. It is possible that the ratio can 
attain values somewhat higher than unity 
without impairing the focussing property of 
the collimator. A calculation with several 
sets of systematically varied parameters 
would clarify this point. 


To examine this problem, the calculations 
were modified by multiplying the response 
of each channel to a source at (z,r) by the 
factor e~“«* where yu, is the total linear 
absorption coefficient in water and x is the 
distance between (z,r) and the collimator face. 

It is usual to approximate tissue by water 
in both theoretical studies and phantom 
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Fic. 11. Comparison of theoretical response of 2 in. 


collimator to point source of 0-321 MeV in air and 
in water. 


experiments since tissue is mainly water and 
the absorption coefficients are very similar. 
Since in practice a pulse-height analyser 
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is used, energy-degraded photons scattered 
into the detector by tissue are not recorded. 
The effect of photons scattered into the 
photopeak, and therefore accepted by the 
electronics, should be small. 

Taking as an example the effect of tissue 
absorption on the response curves of the 
2 in. collimator, it is observed (Fig. 11) that 
the point of maximum sensitivity is moved 
towards the collimator face. The value of 
the maximum sensitivity is 0-7 of the maxi- 
mum sensitivity in vacuo. The firm lines in 
Fig. 11 are the iso-response curves in vacuo (or 
air, since its absorption coefficient is neglig- 
ible), while the broken lines are those in 
water. The 50 per cent iso-response line in 
water, for example, does not of course 
delineate a line of equal response to the 
50 per cent iso-response line in vacuo, but the 
value of the response is 0-7 less. 

The most important result is that the 
resolution in the direction perpendicular to 
the axis is unchanged. It follows that the 
effect of tissue absorption is mainly to reduce 
the sensitivity while the resolution remains 
the same. All conclusions reached in the 
in vacuo discussion of resolution are thus valid 
in the presence of tissue absorption and may 
be applied directly to practical problems of 
isotope localization. 

Acknowledgments—The author wishes to thank Pror. 
F. F. Runpie, Head of the Unit of Clinical Investiga- 
tion, and Dean of the Faculty of Medicine, University 
of New South Wales, for his support of the project, 
Dr. T. H. Oppre for his advice from time to time, 
Dr. H. D. RATHGEBER for suggestions, the Computing 
Laboratory, School of Physics, University of Sydney, 
for use of the SILLIAC, their electronic digital 
computer and Drs J. E. Francis, P. R. Bert and 
C. C. Harris for supplying their experimental data. 


5. Brucer M. Radioisotope Scanning. Oak Ridge 
Institute of Nuclear Studies, Oak Ridge (1958). 

6. Bye J. A. W. VAN per Dogs pe Nucleonics 14, (11), 
128 (1956). 

. Brownett G. L. Int. J. appl. Rad. Isotopes 3, 181 
1958). 

8. Martner R. L. J. appl. Phys. 28, 1200 (1957). 

9. GropsteIn G. W. X-Ray Attenuation Coefficients from 

10 keV to 100 MeV. Circular No. 583. National 

Bureau of Standards, Washington (1957). 


of 
cm 
= 
F Ulie 
2 
9 
4 
ite 
owe 
aff 
= 
; 
op 
4 


International Journal of Applied Radiation and Isotopes, 1961, Vol. 12, pp. 20-26. Pergamon Press Ltd. Printed in Northern Ireland 


Design and Performance Characteristics of an 
X-ray Target for Electron Accelerators 


T. J. HARDWICK and W. S. GUENTNER 
Gulf Research and Development Company, 
Pittsburgh 30, Pennsylvania, U.S.A. 


Received 5 May 1961 


\ simple inexpensive and convenient X-ray target has been developed for use with commercial 
electron accelerators. Measurements made at 3.0 MeV with an unscanned electron beam 
indicate a flux equivalent to 1.04 kr/min per mA of beam current at one meter from the target. 
Che maximum practical rate of energy absorption for small samples under the above conditions 


is about 20 Mrad/hr, using a 5 in. scan. 


LE DESSIN ET LES CARACTERISTIQUES DE FONCTIONNEMENT D’UNE 
TARGE A RAYONS-X POUR LES ACCELERATEURS ELECTRONIQUES 


On a développé, pour l'emploi avec les accélérateurs électroniques de commerce, une targe 
a rayons-X de forme pratique, simple et peu cotteuse. Les mesures faites a 3,0 MeV avec un 


faisceau d’électrons non balayé indiquent un flux équivalent a 1,04 kr/min par mA de courant 
du faisceau a un métre de la targe. Le maximum praticable du taux d’absorption d’énergie 
pour les petits échantillons sous les conditions ci-données est environ 20M rad/h., a l’emploi 


d’un balayage de 5 inches (12,5 cm. 


ROHCTPYRUMA PABOUHE XAPARTEPHCTHKH PEHTTEHOBCKOL 
(LIA YCROPHTEIED 


paspaborana mpoctaa, yoOnaA peHTreHOBCKaA MMIWeHb 
NY4YKOM YTO Ha pacCTOAHMM MeTpa OT MHTCHCHBHOCTL 
1,04 Ha MA TOKa CKOpocThL 
HOPIOUeHHA OOpasyOB B YCAOBMAX COCTaBIAeT NpuMepHo 


20 Mpaji/sac, Nyuka 5 


ENTWURF UND BETRIEBSCHARAKTERISTIK EINES RONTGENTARGETS 
FUR ELEKTRONENBESCHLEUNIGER 
Ein einfaches, billiges und bequemes Réntgen-Target fiir kommerzielle Elektronenbeschleu- 
niger wurde entwickelt. Messungen bei 3,0 MeV und unabgelenktem Strahl ergaben ein 
Flussaquivalent von 1,4 kr/min pro mA Strahlstrom in | Meter Entfernung vom Target. Die 
praktische Maximalrate fiir die Energieabsorption bei kleinen Proben betragt bei den obigen 
Bedingungen und 5 inch Strahlbreite etwa 20 Mrad/Stunde. 


INTRODUCTION 


In recent years, high voltage electron electron beam, whereupon X-rays are pro- 
accelerators have become commercially duced mainly in a forward direction. 

available. One of the functions of such units A need exists for an X-ray target which 
is to provide X-rays for the study of chemical (a) can be simply and quickly attached to 
changes in condensed systems. As in con- the electron accelerator without breaking 
ventional X-ray machines, a target of heavy into the vacuum system, (b) does not require 
metal, e.g. gold, tungsten, is placed in the’ great precision on centering beneath the 
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electron beam, and (c) is reasonably inex- 
pensive, or alternatively, is simple to con- 
struct in any workshop. We have developed 
such a target using tungsten as the X-ray- 
producing material. The remainder of this 
paper will be devoted to a description of this 
target and to experiments which measure 


the X-ray output. Since the accelerator 
available in our laboratory was a Van de 
Graaff (Model KS, High Voltage Engineer- 
ing Corp.) equipped with a scanning tube, 
the target dimensions were influenced by 
the dimensions of the scanning tube base 
22 6in.). 


TARGET CONSTRUCTION 


The general features of the target are 
shown in Fig. 1. A flat sheet of tungsten, 
18 « 2 « 3/64 in., is clamped at its edges 
to a copper block by two copper strips. This 
block, of the same size as the base of the 
scanning tube, is cooled by water circulating 
in a copper tube which is soldered into two 
slots in the base of the block. On the bottom 
of the central portion of the block, a shallow 
trench has been milled out in order to 
decrease the X-ray absorption by the copper. 
To reduce the of back-scattered 
electrons, a hood of copper is mounted over 
the whole target. The electron beam enters 
this hood through a | in. slot running almost 


the length of the target. 


escape 


In operation, two }in. pieces of rubber 
are placed on the ends of the hood (for 


electrical insulation), and the target clamped 
to the base of the scanning tube with 4 in. 
C-clamps suitably insulated (Fig. 2). We 
have made provision for the cooling water 
of the scanning tube base to pass subsequently 
through the target cooling tubes, if desired. 

Minor adjustments of target position make 
no difference on the X-ray output. The 
center of the beam and scan width can be 
quickly measured between irradiations, due 
to the ease of removal of the target. The 
electron current can be collected and moni- 
tored for total charge, and this charge will al- 
ways be proportional tothe X-ray production. 

The target is sufficiently wide that with 
the hood removed, it may be used to produce 
X-rays from a circularly scanned electron 
beam (~1 in. in diameter). 


! 2 


SCALE IN INCHES 


Fic. 1. Details of tungsten target. 
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Fic. 2. 


Geometrical arrangement for irradiation, showing tungsten target assembly in place. C-clamps not shown. 


MEASUREMENT OF X-RAY OUTPUT 


In order to know the characteristics of the 
target, it is necessary to measure both the 
intensity of the X-rays at any point and their 
absorption characteristics. Experiments to 
determine these properties were further 
broadened to include studies of X-ray 
intensity over a range of voltages commen- 
surate with the operating range of the Van 
de Graaff accelerator. 

There are numerous ways of measuring 
X-ray intensity, such as with ion chambers, 
photographic films, etc. However, since our 
ultimate purpose with the accelerator was 
to study chemical changes, mostly in liquid 
systems, it seemed desirable to measure the 


X-ray intensity by following the chemical 
changes which occur on the absorption of 
the radiation in a suitable liquid system. 
Such systems, or chemical dosimeters, have 
the property of producing a chemical change 
proportional to the amount of energy 
absorbed. The absolute magnitude of this 
change in relation to energy absorbed can be 
measured in several ways (calorimetry, 
power measurements, etc.). A measurement, 
therefore, of the rate of chemical change is a 
measure of the photon intensity. For 
convenience, in most of this paper we shall 
speak of the rate of reaction in preference 
to the term X-ray intensity. 


EXPERIMENTAL 


The geometrical arrangement used for 
irradiating the samples is shown in Fig. 2. 


The solutions, 20 ml volume in 50 ml glass 
beakers, sat on }in. thick five-ply wood 
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shelves. These shelves were 4 ft in length and 
were spaced by concrete blocks placed at 
the ends. The distance between the top and 
bottom shelves was chosen such that the 
intensity of the X-rays was different by a 
factor of about 10. 

The samples were positioned vertically 
beneath the X-ray source. With this arrange- 
ment, photons absorbed in one sample must 
have passed through those placed above it. 
In these experiments the solid angle of the 
beam striking the samples varied from 4° on 
the top shelf to 1.3° on the bottom shelf. 

In any absorption experiment there is 
always a problem of scattered radiation. 
In practice, one either takes precautions to 
shield the sample from scattered radiation 


or eliminates as far as possible the sources of 


such radiation. In these experiments the 
latter course has been adopted, since it was 
apparent that devices for shielding in the 
geometrical arrangement used would them- 
selves be a greater source of secondary 


radiation. Since the lowest plywood shelf 
rested on the concrete floor, the rate of 


chemical change measured at this level was 
expected to be slightly higher, and this was 
indeed found to be the case. 

In experiments such as these, it is necessary 
that electron equilibrium be established 
throughout the dosimeter solution. This will 
be substantially the case in all but the top 
shelf. In order to make the uppermost 
solution equivalent to the others in energy 
absorption, another } in. shelf (of pinewood) 
was placed a few inches above this solution. 

In all experiments the distance between 
the source and the sample was taken as that 
distance from the target to the mid-height 
of each solution. 

The dosimeter chosen for the measure- 
ment of the X-ray intensity was an air- 
saturated solution of ferrous ion in 0.8 N 
sulfuric acid. In this system the amount of 
ferric ion formed is proportional to the 
energy absorbed in the aqueous system. 
The extent of this change, or yield, is 15.5 
ferric ions formed per 100 eV absorbed.“ 
This may be expressed in terms more 
convenient for this work, viz. 16.6 umol/l. 
per krad. The chemistry of this dosimeter 
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is well established, but a review of its 
pertinent properties seems appropriate. 

The yield of ferric ion is independent of 
photon energy between 400 keV and 4 MeV. 
It is likewise independent of ferrous ion and 
ferric concentration under the conditions 
used. The rate of energy absorption does not 
affect the yield at rates below 10% rad/sec®?, 
However, since the yield changes when the 
oxygen dissolved in the solution is depleted 
in the normal course of the radiation-induced 
reaction, exposures to radiation were such 
that the total reaction never reached more 
than 75 per cent (or 800 um/l. Fe®+) of this 
critical point. 

The amount of ferric ion produced was 
determined by measuring the absorbance of 
the irradiated solution at 304 or 340 mu, 
where the molar extinction coefficients for 
ferric ion in this solution at 21°C are 2080 
and 985, respectively. Such measurements 
were made in a Beckman DU Spectropho- 
tometer, with corrections for differences of 
absorption in the optical cells, ferric ion 
initially present in the solution, etc. 

Irradiations were made using a “point” 
source of X-rays (unscanned electron beam). 
Preliminary irradiations were made at 2.8 
MeV and 100 wA current to establish the 
reproducibility of the experiment. The 
variation among three sets was found to be 
about 2 per cent, and this was probably due 
to the difficulty in maintaining the electron 
beam at exactly 100 uA successive 
exposures. 

The main irradiations were all made 
using a 100 wA beam current, and varying 
the voltage in successive irradiations from 
2.0 to 3.2 MeV in steps of 0.2 or 0.3 MeV. 
Exposure times were such (8 min to 2 hr 
that start-up and shut-down time of the 
accelerator could be neglected. 

The results were normalized to give the 
rate of chemical change at a distance 100 
cm from the target. The normalization 
factor is the inverse square of the distance 
between the target and the solution. For a 
given electron energy, the data obtained for 
various shelf heights should be comparable. 
The rate of chemical change decreases, 
however, from shelf A to shelf E, since the 
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}. Plot of log reaction rate vs. absorber thickness 


for 1.5 and 3.0 MeV incident electrons. 


lower the position of the dosimeter solution, 
the greater will be the extent of the photon 
absorption by the intervening material. 
Absorption will occur in three different 
media: the plywood, the solution and the 


glass in the beaker bottom. 
photon energies used in this experiment the 
absorption of energy will be almost ex- 
clusively by the Compton process. It is 
therefore permissible, for materials of low 
atomic numbers, to convert photon absorp- 
tion in them to the absorption in an equiva- 
lent mass of water. About 65 per cent of the 
energy was absorbed in the solution, 30 per 
cent in the wood and 5 per cent in the glass. 

Using the rate data normalized to 100 cm 
distance from the target, the usual absorption 
plot of log rate vs. absorber thickness was 
made for each electron energy used. ‘Two 
of these plots are shown in Fig. 3; the others 
are quite similar. It will be noted that in 
each case the relationship is linear. The 


In the range of 


rate for the solution on shelf E is higher than 
predicted and this is true in all cases. This 
occurrence has been anticipated, as the back 
scattering of photons from the concrete floor 
gives rise to a higher energy absorption by 
this solution than would be expected by 
direct beam absorption. 

The rate values extrapolated to zero 
absorber thickness give a true measure of the 
energy absorption at 100cm. Using the 
ferric ion yield value of 16.6 wmol/l. per 
krad, the rate of energy absorption has 
been calculated in kilorads per minute. 

It has been shown by Mayneorp‘® that 
when | g of water is placed in a photon field 
of 1 r, 93 ergs are absorbed. This value was 
based on the assumption that W, the average 
energy required to produce one ion pair in air 
using light particle radiation, had a value 
of 32.5eV. Recent investigation has in- 
dicated that a value of 34.0 eV/ion pair is 
more nearly correct'’’. This results in a 
recalculation of MAyNEorRD’s “gramroent- 
gen” to give an absorption of 98 ergs‘*). 
Since, by definition, | rad is the absorption 
of 100 ergs/g of material, a 2 per cent 
increase is necessary to convert the values 
obtained in these experiments (krads per 
minute) to kiloroentgens per minute. These 
results appear in Table 1. In conformity 
with the reporting of previous results‘, 
these values have been calculated assuming 
a beam current of |1mA. The current 
reported in these experiments arose from 
electron collection in the whole of the target 


structure. Electrons reflected back onto the 


Taste 1. Intensity of X-ray beam at various 
voltages for the tungsten and gold targets 


X-ray intensity (r/min/mA at | m 
Electron energy 


MeV 


Tungsten target Gold target* 
1254 1165 
1042 960 
839 790 
606 560 
403 384 
309 295 


* Manufactured by HighVoltage Engineering Corpora- 
tion, Burlington, Massachusetts. 
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Fic. 4. Plot of log X-ray intensity at 1 m vs. log incident electron energy. J 


accelerator window (in amount, about 20 
per cent of those collected on the target) are 
not included in the beam current. 

In Fig. 4, we have plotted the log of the 
X-ray intensity (Table 1) vs. the log of the 
electron energy. In agreement with previous 
work on X-ray production‘, a linear re- 
lationship was found. ‘The equation is 
I = 39.1 E**8 r/min per mA at | m. 

Comparable experiments were made with 


1 mA, 


a commercially available gold target. The 
results are shown in Table 1. In this case 
the intensity equation was J = 37.5 E*%8 
r/min per mA at | m. 

These values from the tungsten and gold 
targets are quite close and agree reasonably 
(~15 per cent) with values obtained by 
others using a different design of gold 
target, and using ion chambers as detection 
instruments‘®. 


MISCELLANEOUS EXPERIMENTS 


‘A) Using a liquid dosimeter (ceric sulfate 
solution) placed just beneath the target, an 
X-ray energy absorption of 10 Mrad/hr was 
obtained at 3.0 MeV and 700 wA current, 


using a 6 in. scan. ScHULER™®), using the 
blue cellophane dosimeter“, reports an 
X-ray energy absorption of 20 Mrad/hr at 
3.0 MeV, | mA and using a 5 in. scan. 


(B) Since performing the experiments de- 
scribed in this paper, a current integrator 
(Eldorado Electronics Company, Model 
CI-100) has been placed in service. This 
has, for practical purposes, eliminated the 
error in the product, current time. As a 
result, the X-ray intensity in successive 
experiments was reproducible to +1 per cent 
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which probably reflects the combination of 
a reliable machine operator and a well 
stabilized voltage. 

Although this target was designed specifi- 
cally for a 3.0 MeV vertical-model Van de 
Graaff accelerator, the necessary modifica- 


tions to fit other electron accelerators can 
be visualized. The tungsten thickness (3/64 
in. in our equipment) must, of course, be 
increased for accelerators producing higher 
electron energies. 


DISCUSSION 


The tungsten target described in this paper 
has essentially the same X-ray output as that 
available commercially. However, from an 
operational point of view, this tungsten 
target has advantages over those which are 
made an integral part of the vacuum system. 

1) The time of conversion from electron 
irradiation to X-irradiation, or vice versa, is a 
few minutes only, as compared to at least | 
hr when opening the vacuum system is 
necessary. 

2) The scan-width and spot-beam position 
can be readily checked at any time. 


(3) The difficulties of making and main- 
taining a vacuum seal and the degassing of 
metals into the vacuum system are eliminated. 

+) Without the necessity of the careful 
construction required for a vacuum seal 
onto the scanning tube, the target may be 
constructed reasonably inexpensively, and 
is quite simple to make. 
Acknowledgments—The authors wish to express their 
thanks to the Design and Drafting Section for detailed 
development of the target design, and to the Nuclear 
Physics Section for operation of the Van de Graaff 


accelerator. 
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Surface Area Measurement by the Sorption 
of Stearic Acid-|-Carbon-|4* 
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A technique was developed for determining the surface area of non-porous powders by their 
sorption of stearic acid-1-carbon-14 from benzene solutions. Aliquots of the initial solution and 
of the solution in equilibrium with a sample were plated on chilled watch glasses and assayed by 
thin end-window Geiger counters. Specific surface areas obtained by this method for low-surface 
powders compared favorably with nitrogen-adsorption values (BET method). Results reported 

in square meters per gram) are 21.1 for clay, 4.7 and 6.3 for two zinc oxides, 3.6 for alumina, 
21.4 for calcium sulfate, 22.3 for nickel, 0.6 for glass beads, 6.5 for titania, 4.0 and 10.2 for two 
ferric oxides, 5.5 for zinc carbonate, 50.1 for manganese dioxide, 6.0 for manganous chloride and 
values of 4.0, 3.9 and 3.4 for zinc sulfide. The BET values for these powders were 19.8, 4.7 and 
6.1, 3.4, 17.9, 24.9, 0.4, 7.7, 4.2 and 10.1, 4.9, 44.8, 5.8 and 3.7 m*/g, respectively. 


LA MESURE DE SURFACE PAR LA SORPTION DE L’ACIDE 
STEARIQUE-1-CARBONE-|4 

On a mis 4 point une méthode pour mesurer la surface des poudres non poreuses par leur 
sorption de l’acide stéarique-1l-carbone-14 hors des solutions de benzine. Des aliquotes de la 
solution originale et de la solution en équilibre avec un échantillon furent plaquées sur des 
verres 4 montre refroidis et dosées par des compteurs Geiger a fenétres minces. Les valeurs de 
surface spécifique ainsi obtenues pour des poudres a petite surface accordaient assez bien avec 
les valeurs données par l’adsorption de l’azote (la méthode BET). On reporte les résultats (en 
métres carrés par gramme): 21,1 pour |’argile, 4,7 et 6,3 pour deux oxydes de zinc, 3,6 pour 
l’alumine, 21,4 pour la sulfate de calcium, 22,3 pour le nickel, 0,6 pour les billes de verre, 6,5 


pour l’oxyde de titane,4,0 et 10,2 pour deux oxydes ferriques, 5,5 pour le carbonate de zinc, 50,1 
pour le bioxyde de manganése, 6,0 pour le chlorure manganeux et les valeurs 4,0 3,9 et 3,4 pour 
le sulfure de zinc. Les valeurs BET pour ces poudres furent, respectivement, 19,8; 4,7 et 6,1; 
3,4; 17,9; 24,9; 0,4; 7,7; 4,2 et 10,1; 4,9; 44,8; 5,8 et 3,7 m?/g. 


HM3MEPEHHA PASMEPOB TIOBEPXHOCTH AJICOPBILMHM CTEAPHHOBOTI 
KHCJIOTLI, MEYEHOR C™ B I 


Pas3padorana MeTOJHKa PasMepoB NOBEPXHOCTH HeENOPHCTHIX TOPOWKOB TO 
MMH KMC0TH, C™ nonomennn I, us ee 
pactnopa. ANHKBOTHBIe 4aCTH MCXOAHOPO pacTBOpa pacTBOpa, B 
OOpasioM, HaHOCAT Ha 3aMOpO*KeHHble CTEKIA TOPLOBLIMM 
NOBEPXHOCTLW HaXOAATCA B CO 3Ha4eHHAMH, H3MePeHHIMH MO 
azora (meron BET). (B KB.MeTpax Ha rpamM) 21,1 


5,5 KapOonata yunka, 50, AByOKUCH MapraHna, 6,0 


* The work reported herein was made possible by the Office of Isotopes Development of the U.S. Atomic Energy 
Commission, Contract No. AT (38-1)-202. Reproduction of this article in whole or in part is permitted for any 
purpose of the United States Government. 
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9 u 3,4 CepHucToro 


9THX TOpomkKoB BET Onin, coorsercrsenHo, 19,8, 4,7 6,1, 


17,9, 24,9, 0,4, 7,7, 


OBERFLACHEN-BESTIMMUNGEN MIT HILFE DER ADSORPTION VON 
STEARINSAURE-1-C-14 


1.2 1 10,1, 4,9, 44,8, 5,8 3,7 


Eine Technik zur Bestimmung von Oberflachen von nichtporésen Pulvern mit Hilfe der 
Adsorption von Stearinsaure-1-C-14 in Benzollésung wurde entwickelt. Aliquote Mengen der 
Ausgangslésung und der Lésungen die mit der Probe im Gleichgewicht waren, werden auf 
gekiihlte Uhrglaser aufgetragen und mittels endfenster-Geiger-Miiller-Zahler untersucht. 
Spezifische Oberflachen von Pulvern mit geringer Oberflache, die mit Hilfe dieser Methode 
festgestellt wurden, stimmen gut iiberein mit den nach der Stickstoffadsorptionsmethode (BET 
erhaltenen Werten. Folgende Resultate (ausgedriickt in m*/Gramm) werden erhalten; Ton 


21.1: 4,7 und 6,3 fiir zwei Zinkoxyde; Al-Oxyd 3,6, Kalziumsulfat 21,4: 
+.08 und 10,2 fiir zwei Eisenoxyde; Zinkkarbonat 5.5: 
Manganchlorid 6,0, und die Werte 4,0, 3,9 und 3,4 fiir Zinksulfid. Die 


Perlen 0,6; Titanoxyd 6,5; 


dioxyd 50,1: 


entsprechenden Werte nach der BET Methode betrugen in m 


5.8 und 


0,4, 7,7, 4.2, und 10,1, 4,9, 44.8, 


THE sorption of stearic acid from organic 
solvents has been used to determine the 
specific surface area of numerous types of 
powders—metals metal oxides", 
clays‘? and ‘The method is 
based on the assumption that, at the powder 

solution interface, a monomolecular layer 
of the acid is formed with the acid molecule 
drawn to the powder by the polar attraction 
of its carboxyl group and its long carbon 
chain extended out in nearly perpendicular 
orientation. The effective area of the stearic 
acid molecule, as well as of other straight- 
chain saturated fatty acids, has been found 
to be 20.5 A®. Although the cross-sectional 
area of the carboxyl group is 25.1 A*, and 
the cross-sectional area of the CH, 

groups of the chain is 18.4 A®, the irregular- 
shaped projection of the molecule onto a 
surface and the way in which the molecules 
fit together usually result in the effective 


(2.8.9) 


EXPER 


Stock solutions of stearic acid-1-carbon-14 
were made by dissolving 1 mc of the material 
‘purchased in | me lots from Tracerlab, Inc., 
Volk-Radiochemical Co., and New England 
Nuclear Corp.) in 100 ml of dry benzene. 
Reagent grade benzene was dried over 
sodium, distilled and stored over 4 A Molecu- 
lar Sieve (Linde Co.). Aliquots of the 
*“*hot”’ stock solution were then used to label 


»,/ 


IMENTAL 


Nickel 22,3; As- 
Mangan- 


19,8 und 6,1, 3,4, 17,9, 24,9, 


covering or blocking of an area of 20.5 A® 
by one molecule", 

The measure of fatty acid sorbed by a 
powdered sorbate is the difference in con- 
centration of the original solution, C,, and 
the solution in equilibrium with the powder, 
C,. In the past, the concentration of stearic 
acid solutions was determined by gravi- 
metric, volumetric and hydrophil balance 
or film balance methods. None of these has 
the sensitivity desired for very low surface 
powders that may sorb acid in quantities no 
greater than the standard deviation in 
replicate samples. 

To improve the sensitivity of the analysis 
to small changes in concentration and also 
to make possible determinations of specific 
surface area of very small powder samples, 
a technique utilizing radioassay of stearic 
acid-1-carbon-14 has been developed. 


solutions of the desired concentration, 
usually 0.014 M_ stearic acid (Eastman 
Kodak’s white-label grade) in dry benzene. 
Solutions with several different activities 
were prepared, but one of general applic- 
ability, giving fairly high counts with a 
relatively insensitive detector (a thin end- 
window Geiger counter), was 0.25 mc/g of 
stearic acid. 
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Samples weighing from 0.5 to 4 g, depend- 
ing on the estimated surface of the powder, 
were weighed into 4 oz jars with Teflon-lined 
screw caps, dried for 4hr at 110°C and 
cooled in a desiccator. Then 10 ml of the 
stearic acid solution were added and 
equilibrated for | hr at 14 C, with occasional 
shaking. Moisture-sensitive powders were 


Tasi 
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solution were pipetted onto 25mm watch 


glasses which had been chilled and were kept 
on a bed of cracked ice during the plating 
process. The plates were then returned to 
the refrigerator for slow solvent evaporation 
which was found to give better duplication 
of deposit size and shape than fast evapora- 
They were 


tion at higher temperatures. 


Sample ait Solution 
l'emperature 
Material weight C volume 
g ml 


Radioassay Surface area 


counts/min m*/g 


Initial Final BET Stearic acid 


Clay +.2183 22 10 
Clay 2.0645 22 10 
Clay 1.0251 22 10 
Clay 0.2622 14 10 
ZnO +.1635 22 15 
Alumina 0.4755 15 10 
CaSO, 0.4641 14 10 
Nickel 0.5769 14 10 
Glass beads 2.2642 14 10 
0.4642 14 10 
Fe,O, 0.6171 14 10 
ZnCO, 1.8653 13 20 
ZnO 4.2493 14 20 
Fe,O, 0.1838 14 10 
MnO, (0.0907 14 10 
MnCl, 0.5142 14 10 
ZnS 3.0590 14 12 
ZnS 2.5207 14 10 
ZnS 3.3655 14 13 


2.80 0.01 1542 127 8.0 2.7% 
2.80 0.02 968 235 8.0 +.5* 
2 BO 0.04 1662 bH46 8.0 7.3* 
5 93 0.45 1840 3203 19.8 21.1 
0.79 0.26 17.850 12.786 
8.15 0.88 15.444 14.581 3.4 
8.09 0.80 17.350 12.396 17.9 21.4 
8.09 0.71 17.350 10.968 4.0 22.3 
3.43 0.46 6423 5792 0.4 0.6 
3.43 0.42 6423 5308 7.7 6.5 
3.83 0.48 16.359 14.146 +.2 t.0 
1.67 0.09 14.503 1164 19 5.5 
3.52 0.08 15.042 1917 6.1 6.3 
3.93 0.59 5267 $759 10.1 10.2 
3.93 0.48 5010 3676 14.8 50.1 
3.93 0.64 7440 6091 5.8 6.0 
t.02 0.28 7034 2917 3.7 +.0 
0.29 7034 3.7 
+.02 0.33 7034 3485 3.7 3.4 


*C/C 


weighed into round-bottom flasks having 
stopcocks above a ground-glass connection 
in the flask neck, for vacuum drying. After 
the sample had been dried and degassed for 
t hr, the stopcock was closed, the short tube 
above it was filled with stearic acid solution 
and a burette full of the acid solution was 
attached to it. The acid was then added to 
the sample in the absence of moisture and 
air. Teflon stopcocks in the flask and 
burette eliminated the possibility of con- 
tamination of the sample by stopcock grease. 

The supernatant liquor was decanted and, 
if necessary, centrifuged in stoppered tubes 
and decanted again. After the solution had 
reached room temperature, three or more 
0.05 ml aliquots of it and of the original 


, values here were too low to give complete monolayers. 


counted with a thin end-window Geiger 
counter, usually to a total of 10,000 or more 
counts. Data for several different powders 
are presented in Table 1. 

Corrections for tube dead-time and for 
self-absorption of the soft f-radiation were 
applied to the counts before they were used 
in surface-area calculations. An empirical 
self-absorption correction was obtained from 
a plot of counts per minute vs. concentration 
that had been constructed with data from 
counting plates of numerous stearic acid 
solutions having different concentrations but 
identical specific activity of the acid. The 
self-absorption correction was unnecessary 
when the original solution concentration 
was as low as 4 g/l. 
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Specific surface area, S,, in square meters 
per gram, 


V x 6.06 x 1078 
w 


20.5 x 10-2 


The efficacy of radiostearic acid sorption 
for surface-area determinations of powders 
depends upon the physical and chemical 
nature of the powder sample in the same way 
as does the sorption of inert stearic acid. 
Chemisorption, such as occurs on some 
metals and metal oxides, will cover the 
powder with a monomolecular layer and 
thus function as a measure of surface at 
much lower acid concentrations than will 
physical adsorption. The latter is a rever- 
sible phenomenon and depends on the con- 
centration of acid, increasing with increasing 
concentration until a plateau is reached at 
monolayer completion, at which point the 
sorption of additional acid ceases. A relative 
concentration (ratio of equilibrium con- 
centration, Me to saturated concentration, 
C,) of 0.3 is large enough for physical mono- 
layer formation on most powders. 

Residual moisture in powders is a factor 
that will, in some cases, give erroneous 
results. Zinc sulfide is dried sufficiently by 
heating only Ihr at 110°C, but other 
powders may require vacuum drying and 
protection from all contact with the moisture 
in the air in special sample flasks. Some 
powders, for example silica, hold moisture 
so firmly that stearic acid cannot displace it, 
while basic compounds such as Na,CQO, and 
NaHCO, will react with stearic acid well 
beyond monolayer formation if any moisture 
is present. 

Stearic-acid sorption is not appropriate 
for surface-area determinations of highly 
porous powders. Fine pores may be either 
too small to admit stearic acid molecules or 
at least too small to accommodate enough 


M. C. Kordecki and M. B. Gandy 


CALCULATIONS 


DISCUSSION 


where C, = the corrected count rate for the 
initial solution plates 
C, = the corrected count rate for the 
equilibrium solution plates 
¢ = the initial solution concentra- 
tion (moles/ml) 
w = powder sample weight (g) 
and V = solution volume used (ml). 


stearic acid molecules for complete monolayer 
coverage. 

Also, for graphites or charcoals, a different 
solvent, probably cyclohexane, should be 
used because of the attraction found between 
these materials and benzene. 

Obviously, the accuracy of the method is 
greater at low concentrations of stearic acid, 
where the change due to sorption will be 
considerably greater than the error in the 
analytical technique. To insure a sufficiently 
high value of C,/C, at low acid concentrations, 
the determination is made at a low tempera- 
ture since the C, of stearic acid in benzene 
varies widely with temperature (from 0.24 
to 12.4¢/100g¢ of solvent in raising the 
temperature from 10 to 30°C). ‘Tempera- 
tures of 14 and 15°C have been convenient. 
The cold supernatant liquid must be quickly 
decanted off the sample, however, to avoid 
re-dissolving part of the monolayer as the 
temperature rises. 

By utilizing 10 ml sample flasks, deter- 
minations can be made on 0.1 g or smaller 
powder samples. This is a particular advan- 
tage over the BET method, for which samples 
should be large enough to have a total 
surface of at least 5 m*. 

In both the BET and radiostearic acid 
techniques the time required varies con- 
siderably from one powder to another. In 
general, four low-surface samples can be run 
by the BET method in 1| day, assuming they 
had previously been oven-dried preparatory 
to weighing. The number of determinations 
that could be made in a day by the radio- 
stearic acid method depends upon whether 
the powder is an easily dried material such 
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as zinc sulfide, requiring only | hr of drying, 
or a moisture-retentive powder requiring 
extensive drying. Six zinc-sulfide samples, 
with no previous drying, could be run in | 
day with four replicate plates for the original 
solution and four for each of the equilibrium 
solutions. However, only four samples of 
materials requiring several hours of vacuum- 
drying could be run daily. 

In systems with negligible attraction 
between sorbent powder and solvent, the 
accuracy of surface area determinations on 
non-porous powders by stearic-acid sorption 
should be excellent because of the well- 
established value of 20.5 A? for the effective 


cross-sectional area of the acid. The absolute 
value of BET surface areas is claimed by 
some authors to be uncertain by 5-10 per 
cent because of disagreement about the 
effective cross-sectional area of the nitrogen 
molecule, although Joy™ asserts that 15.8 
A? is within 3 per cent of the absolute area. 
The precision of the radiostearic acid deter- 
minations is relatively poor, with 6 per cent 
average deviation found in triplicate samples. 
The precision would undoubtedly be im- 
proved by the use of a liquid scintillation 
counter for assay, thereby avoiding the 
error—0.5-—2.0 per cent average deviation'® 
—incurred in plating the solutions. 
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Behaviour of Yttrium-9 | and Some Lanthanons 
towards Serum Proteins in Paper Electro- 
phoresis, Density Gradient Electrophoresis 

and Gel Filtration* 
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Department of Clinical Biochemistry, Royal Veterinary College, 
Stockholm, Sweden 
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The radioisotopes of yttrium, cerium, promethium and ytterbium were administered intra- 
venously as chlorides to rats. ‘The blood serum was collected after 5 and 60 min respectively. 


Furthermore these radioisotopes, as chlorides, were added to rat serum in vitro. The binding of 


the rare earths to the serum proteins was studied by means of paper electrophoresis, free columnar 


electrophoresis in a sucrose gradient at various pH values, and gel filtration through Sephadex at 


various pH values. 
It was found that these elements had already combined with albumins and low-molecular 


u.v. absorbing complexes in the serum 5 min after injection. No differences were observed 


between the results obtained when the isotopes were added to serum in vitro or injected 


intravenously. 


LE COMPORTEMENT DE L’YTTRIUM-91 ET DE QUELQUES LANTHANONS 
VERS LES PROTEINES DU SERUM DANS L’ELECTROPHORESE SUR PAPIER, 
DANS L’ELECTROPHORESE A GRADATION DE DENSITE ET DANS LA 
FILTRATION DES GELS 


Les radioisotopes d’yttrium, de cérium, de prométhium et d’ytterbium en la forme des 


chlorures furent administrés a des rats par injection intravéneuse. Le sérum du sang fut retiré 


apres 5 et aprés 60 minutes. De plus, on ajouta les chlorures de ces radioisotopes au sérum de 


rat in vitro. On étudia la force du lien entre les terres-rares et les protéines du sérum au moyens 


de l’électrophorése sur papier, de l’électrophorése libre en colonne dans une gradation de 


sucrose a différentes valeurs de pH et de la filtration des gels a travers le Séphadex a différentes 


valeurs de pH. 


On trouva que ces éléments étaient déja combinés avec les albumines et avec les complexes de 


petits molécules qui absorbaient l’u.v. se trouvant dans le sérum, 5 minutes aprés l’injection. 


\ucune différence ne se laissait voir entre les résultats donnés par l’addition des isotopes au 


sérum in vilro et par injection intravéneuse. 


NOBETEHHE HTTPHA-91 HEROTOPbBIX -IAHTAHOHOB B OTHOIMEHHH 
CbIBOPOTOUHbIX BEATROB TPH BYMAARRHOM RTPO®MOPESE, 
TPOMOPESE C PPAJIMEHTOM ILIOTHOCTH H YEPES 

B nocse 5 60 MunyT. Sarem pano- 
H30TONb, B LOOaBIAIM K ChIBOpOTKe KPpLICh in vitro. Cansbinanne 
¢ LIBO} OTKH MeTO,LOM Oy a-1leKTpodope ta, 


* This investigation was supported by grants from the Research Institute of National Defence (FOA 4), the 
Wallenberg Foundation, the Swedish Cancer Society and the Swedish Agricultural Research Council. 
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Behaviour of yttrium-91 and some lanthanons towards serum proteins in paper electrophoresis 


aJeKTpopope jOM Ha KONOHKe PpaANeHTOM TL1OTHOCTH B pat rBopax ¢ pas. 

NOKasaHO, 4TO 9TH A albOYMMHAMM 
KOMILI€KCaMH MAKCHMYMOM BY OGAacTH Yepes 5 MHHYT 
peexenun CHBOPOTKY Kak in vitro, Tak M BHYTpH- 


DAS VERHALTEN VON Y-91 UND VERSCHIEDENER LANTHANIDEN GEGEN- 
UBER SERUMPROTEINEN BEI PAPIER-ELEKTROPHORESE, DICHTE- 
GRADIENT-ELEKTROPHORESE UND GELFILTRIERUNG 


Radioisotope von Yttrium, Cerium, Promethium und Ytt« rbium wurden in Form von Chlori- 


den Ratten intravenés verabreicht. Das Blutserum wurde nach 5 bzw. 60 Minuten gesammelt. 


Ausserdem wurden die Chloride det obigen Radioisotope in vitro dem Rattenserum beigefiigt. 
Die Bindung von Seltenen Erden an Serumproteine wurde mit Hilfe von Papier-Elektro- 
phorese und Kolonnen-Elektrophores« im Sucrosegradient mit verschiedenen pH-Werten und 
mittels Gelfiltration durch Sephadex bei verschiedenen pH-Werten untersucht. 


Es wurde gefunden, dass diese Elemente bereits 5 


Albumine und die niedermolekularen, 


Minuten nach der Injektion an die 


u.v.-absorbierenden Komplexe gebunden werden. 


Gleiche Versuchsergebnisse wurden erhalten fur in vitro dem Serum beigefugten Isotopen und 


bei intravendéser Injektion. 


Durinc the last decade yttrium and the lan- 
thanons have received considerable attention. 
partly because they make up a great part of 
fission products. Furthermore, some of their 
radionucleides are nowadays routinely used 
for treatment of tumours. 

Yttrium and lanthanons are poorly ab- 


sorbed from the gastrointestinal tract. When 
inhaled, however, or placed in cavities of the 
body they are absorbed to a considerable 
extent. The rare earths readily combine 
with nucleic acids, for example, and lan- 
thanum chloride was used by HAmMar- 
STEN"? for their precipitation in vitro. When 
intravenously injected into rats, Y forms 
complexes with amino acids which are also 
excreted via the kidneys‘), According to 
our experience®, in vitro Y precipitates 
mucopolysaccharides like heparin, and poly- 
saccharides like dextran and dextranhydro- 
lysates. 

The behaviour of serum-proteins towards 


Y has been studied by means of paper 
electrophoresis by Zr.versmir and Hoop") 
and Graut and HunpesHacen™, On the 
paper, some of the Y did not move but some 
moved between the z- and f-globulins 4 days 
after the administration. These experiments 
were performed on guinea-pig serum. By 
means of starch-gel electrophoresis, it was 
found that some of the Y did not move but 
the rest moved in front of the albumins. 

The physical chemical behaviour of Y 
and lanthanons is somewhat complicated 
and by no means completely known. De- 
tailed discussions are given in the Oak 
Ridge report by Kyker and ANDERSON‘®?, 

According to the literature, no investiga- 
tions seem to have been performed with free 
electrophoresis and with gel filtration. There- 
fore, we considered that it might be of interest 
to study the behaviour of Y and some 
of the lanthanons in serum. using these 
techniques. 


MATERIALS AND METHODS 


Table |] 
data of the 


summarizes the 
radioisotopes as 


(1) Isotopes. 
physical 
chlorides. 

(2) Animals. Adult rats were used. The 
radioisotope was injected intravenously in 
the tail. The pH of the solution was between 


4 and 5. The animals were killed after 5 
min and | hr, respectively, by decapitation 
under light-ether anaesthesia. The blood 
serum was kept at —20°C until used. 

(3) Paper electrophoresis. The LKB paper 
electrophoresis apparatus* type No. 3276 


* Manufactured by LKB Products Inc., Stockholm, Sweden. 
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Taste | methylaminomethan (TRIS) and 3 ml of 

concentrated phosphoric acid, density 1-7 

in | 1. of distilled w ater. The electrophoresis 
ran for 18hr at 150V and 6mA. The 

) protein in the paper was stained with a 

ap 100 0-01 0-05 +5 Amidoschwartz 10B and the relative in- i 
tensities of the fractions were measured in a 


Yb169 100 0-27 0-10 15 in the paper were determined in a Frieseke 
and Hoepfner “‘Radiopapierchromatograf”* 
FH 452, employing two GM tubes with a wall 

was used. Schleicher and Schiill paper thickness of 1-22 mg/cm®. 
2043 b was used in a TRIS—phosphate t) Columnar electrophoresis. The LKB 
buffer of pH 7-2, ionic strength 0-075. The equipment for columnar electrophoresis 


buffer was composed of 9-75 g of trishydroxy- type No. 3340 was used. Separation ran in 


Density gradient 
electrophoresis 


Wel! crystal opporatus 
(3) = \ 
D 
4 
Uvicord C /X Buffer 
— 50% sucrose 
Scaler A F] j [sire] 
~~ Recorder Recorder | 
| 


Fraction collector 


Power 
supply 


Alcohol 


Fic. 1. General arrangement of density gradient electrophoresis with simultaneous 
measurement of u.v. absorbing material in a Uvicord and radioactivity in a well cry stal. 


The volume D to A in the column is filled with 50 per cent sucrose and the volume A to 


C with the density gradient (sucrose and buffer mixed with a stirrer and then by hydro- 


static pressure introduced through the capillary tube ending at B). The rest of the 
column is filled with buffer. The sample is introduced through the capillary tube end- 
ing at B. 

After electrophoretic separation the column is divided at the ground joint at C. Micro- 
pump 4 is coupled to D of the column through a teflone tube D and the column content 


pressed out through a teflone tube at C. The liquid runs first through the Uvicord. then 


through the well crystal and last—should that be wished—to a fraction collector. The 


liquid in the teflone tube gives a change in transmission registered on one recorder 


whereas the change in radioactivity is recorded separately but simultaneously. The 


fraction collector is used only if further analyses of samples are needed. 


* Frieseke and Hoepfner, Ltd., Erlangen, Germany. 
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a sucrose density gradient from 45 per cent 
(wt./wt.) to about 10 per cent. The column 
was filled with the gradient so as to make 
the maximum concentration of sucrose 50 
per cent. A detailed description of the 
method is given by Svensson and VALMET‘”), 
The voltage in the various experiments 
varied between 600 and 950 V, the current 
between 7-5 and 10 mA, and the separation 
time between 17 and 40 hr. The following 
buffers were employed: (a) TRIS—phosphate 
buffer, pH 7-2, ionic strength 0-02 and also 
(b) TRIS-acetate, pH 4-7 and 5-9, ionic 


strength 0-075 (9-00 of TRIS in 11. of 


buffer solution, and acetic acid added to the 
desired pH value). 

The separation took place at room 
temperature. 

The column was emptied through a 
polyethylene tube (diameter 1-5 mm) which 
first ran through a LKB Uvicord set with a 
cuvette of 1 cm at a wave-length of 2540 A 
and then as a 20 cm spiral (diameter 0-5 cm) 
through a Frieseke and Hoepfner scintillation 
well crystal which, through a Frieseke and 


RESULTS 


Paper electrophoresis 

With the technique used, it was found 
that Yb, Y, Pm and Ce moved exactly alike 
and that the main radioactivity was found 
at the line of application. Some radio- 
activity, however, moved forwards with the 
globulins (Fig. 2). 

In all cases the blood serum came from 
animals which had received the isotopes 5 
min before being killed. 


Columnar electrophoresis in sucrose gradient 


Although the isotopes used gave varying 
results, no difference was observed between 
the blood serum taken 5 min and | hr, 
respectively, after the isotope had been 
injected intravenously. Furthermore, in some 
cases radioisotopes were added to rat serum 
in vitro, but the results were then the same 
as when the radioisotope had been injected 
into a living animal. 

Yttrium (Y*) at pH 7-2 moved together 
with the two albumin fractions recorded 


* Manufactured by Pharmacia Ltd., Uppsala, Sweden. 


Hoepfner FH 49 scaler, was connected to 
a recording apparatus. Thus the trans- 
mission and the radioactivity were measured 
simultaneously (Fig. | In some early 
experiments the solution from the column 
was taken in 2 ml fractions and | ml thereof 
evaporated on aluminium disks for radio- 
activity measurements. 

The column was emptied with the aid of 
a LKB micro-pump at a rate of 50 ml/hr. 

(5) Separation through Sephadex*. The use 
of Sephadex® for gel filtration has been 
described by Poratu and ByOrK 
and and Poratn™®. We used 
glass columns, diameter 1-5 cm, length 12 
cm, which were filled with Sephadex® G 75. 
Elution rate was 70 ml/hr and a LKB micro- 
pump was used. As was the case in columnar 
electrophoresis, the eluate was measured for 
y-radioactivity by running through a spiral 
in a well crystal. A TRIS-acetate buffer 
solution was used with pH values varying 
between 7-1 and about 3 and with intervals 
of 0-5 pH. The ionic strength was always 
0-075. 


Counts /min 


cm 

Fic. 2. Paper electrophoresis, pH 7-15, of rat serum 

5 min after intravenous administration of Ce™*Cl,. 
Protein measured with Spinco Analytrol. 

Bars = radioactivity in cut paper strips. 
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aibumin 


Hemoglobin 


Counts /min 
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50 100 


Fic. 3. Density gradient electrophoresis, pH 7-2, of rat serum taken 


200 250 


5 min 


after intravenous administration of Y*'Cl,. 


Absorption at 2537 A. 
Radioactivity. 


@ @ @ Movement of Y™ in the same gradient when no serum is present. 


Electrophoresis 


Counts/min 


100 


Fic. 4. 


Density gradient electrophoresis, pH 5-95, of rat serum with Y 


added in vitro. 


Absorption at 2537 A. 
Radioactivity. 


@ @ @ Movement of Y" when no serum is present. 


(Fig. 3). In Fig. 3 it is shown that when no 
protein was present, yttrium moved con- 
siderably faster. The same results were 
obtained with promethium (Pm"’). At a 
pH of 5:95 Y moved considerably slower 
when protein (blood serum) was present 
(Fig. 4). When the pH was lowered to 4-7, 
however, Y was found to move free of the 
proteins and the peak of radioactivity 
coincided with that recorded when no 
protein (serum) was present (Fig. 5). 

Cerium (Ce!) at pH 7-2 moved faster 
than Y and Pm, although the peak of radio- 
activity coincided with the first albumin 
fraction (Fig. 6). The same result was 
obtained with ytterbium (Yb!®), as shown 
in Fig. 7. 


Gel fractionation with Sephadex® 

At a pH of 7-15 the radioactivity from Y* 
added to rat serum in vitro moved together 
with the proteins (Fig. 8). When all protein 
had passed through the column, EDTA was 
added and it was found that radioactivity 
could thus be removed from the Sephadex®. 
No differences were obtained with serum to 
which Y was added in vitro, in comparison 
with serum from animals in which Y had 
been injected in vivo. 

At a pH of 5-95 the second peak of radio- 
activity increased, as did the part of activity 
which was removed with EDTA from the 
column when all u.v. absorbing material 
had passed (Fig. 9). Cerium-144 gave a 
somewhat different picture, inasmuch as 
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Fic. 5. Density gradient electrophoresis, pH 4-7, of rat serum with Y added 
tn vitro. 
Absorption at 2537 A. 
Radioactivity. 
@ @@ Movement of Y™ when no rat serum is present. 
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Fic. 6. Density gradient electrophoresis, pH 7-2, of rat serum | hr after intra 
venous administration of Ce™C],. 
Absorption at 2537 A. 
Radioactivity. 
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Fic. 7. Density gradient electrophoresis, pH 7-2, of rat serum | hr after intra- 
venous administration of Yb"**Cl,. 
Absorption at 2537 / 
Radioactivity. 
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Fic. 8. Gel filtration of rat serum with Y*"'Cl, 
pH 7-15. 
Radioactivity. 
- Absorption at 2537 A. 
Addition of EDTA resulted in release of further 


radioactivity from the column. 


added in vitro. 


| Sephadex 
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Fic. 9. Gel filtration of rat serum with Y*Cl, 
added. pH 5-95. 
-~~-- Radioactivity. 
——Absorption at 2537 A. 
EDTA resulted in further release of radioactivity 


from the column. 
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. 10. Gel filtration of rat serum with 


added. pH 5-95. 
Radioactivity. 
Absorption at 2537 A. 
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Fic. 11. Gel filtration of rat serum with Y*'Cl, 
added in vitro. pH 4-7. 
Radioactivity. 
——— Absorption at 2537 A. 
Addition of EDTA released considerable 


amounts of radioactivity from the column. 
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less radioactivity could afterwards be re- 
moved with EDTA (Fig. 10). 

When the pH was lowered to 4-7, very 
little radioactivity from Y*! came with the 
u.v. absorbing material, whereas the main 


Fic. 12. 


radioactive material was removed with 
EDTA (Fig. 11). Even without the addition 
of EDTA, this radioactivity was removed 
(Fig. 12), but the elution volume was then 
about 450 ml. Ce! showed the same picture 


Gel filtration of rat serum with Y"Cl, 


added in vitro. Large elution volume was necessary 


to remove radioactivity which originally stuck to 


the column. 


Radioactivity. 


— Absorption at 2537 A. 


Counts /min 


mi 


. 13. Gel filtration of rat serum with Cs™Cl 
added in vitro. 

Radioactivity. 

——— Absorption at 2537 A. 


as regards the u.v. absorbing material but 
came out of the column without the addition 
of EDTA at an elution volume of only 200 
ml. For comparison, Cs! added to rat 
serum in vitro was also passed through a 
Sephadex® column at pH 4-7 and came out 
rapidly, practically free from the u.v. ab- 
sorbing material (Fig. 13). 

When the pH was lowered to 4-4 a mere 
trace of radioactivity from Y*! moved with 
the u.v. absorbing material, whereas after 
about 300 ml of elution all radioactivity 
came out of the column. At a pH of 4-05, 
all radioactivity (Y*') came out of the 
column after 200 ml and no measurable 
activity moved with the u.v. absorbing 
material from the blood serum. The elution 
volumes became smaller, and at a pH of 
3-55 they were barely 140 ml and at a pH 
of 3 about 80 ml (Fig. 14). 

Finally it was found that when Y* at a pH 
of 7-2 was added to a Sephadex G 75 
column, all radioactivity stuck to the column 
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Fic. 14. Gel filtration of rat serum with Y"Cl, added in vitro at a pH of respectively 4-4, 4-05, 


3-55 and 3-2. 


Radioactivity. 
Absorption at 2537 A. 


but could be washed out with pure human 
but not with pure human 
Part of the radioactivity re- 


albumin* 
globulins*. 


Levin"! stated that a metal- 


special 
binding globulin among the serum proteins 
transports Y. By means of ultrafiltration he 


found that pure albumin has a_ lower 
yttrium-binding capacity than has serum. 
GRAuL and HuNDEsHAGEN™), by means of 
paper electrophoresis, found that 4 days after 
injection Y moves between the z- and the 
§-globulin fraction of blood serum. Z1Lver- 
smir and Hoop“? used heparin plasma and 
found that Y partly migrated, but their 
results are difficult to interpret since heparin 
combines with 

By paper electrophoresis at pH 7-2, we did 
not find any migration of Y, Ce, Pm or Yb 
the movement forwards and backwards we 
interpreted as tailing. We considered this 
result somewhat surprising, as protein-bound 
rare earths should migrate, although there 
was a possibility that the cellulose of the 
paper combined more strongly than the 
proteins with the elements investigated. 


DISCUSSION 


mained in the column, however, and could 
be removed either with EDTA or with very 
large elution volumes. 


The possibility also exists that some sub- 
stance, for instance a nucleoprotein—rare- 
earth complex, is bound to the paper at the 
starting line. We therefore investigated the 
migration in free (columnar) electrophoresis. 
In a TRIS-phosphate buffer of pH 7-2, Y 
and Pm moved in the same way and in 
conjunction with the two albumin fractions. 
There was no sign of binding to a special 


globulin fraction and we consider that, 


judging from this experiment, Y and Pm 


move parallel with-—possibly bound to—the 
albumins. It should be borne in mind, 
however, that these experiments were made 
on blood serum from animals which had 
received the radioisotopes intravenously 5 
min or | hr before it was collected. It is 
possible that a longer time after the injection 
another picture is obtained. 

Lowering of the pH resulted in a migration 
of the radioisotopes free of all u.v. absorbing 
material (Fig. 5). This result probably 


* The albumin and globulin fractions were manufactured by KABI, Ltd., Stockholm, Sweden and kindly placed at 


our disposal. 


40 

0-4} 30900 : 

pH=4-4 

120000 
(00 
28 4 2iC 

mi mi 

2 vite le 
5 | 3 c 
} 
° 
| 
12 
196: 


ase 
12 


96] 


Behaviour of yttrium-91 and some lanthanons towards serum proteins in paper electrophoresis 41 


mirrors the higher ionization of the rare 
earths at a lower pH. Thus at a low pH 
with a higher ionization these rare earths 
do not seem to combine with the albumin 
which at a pH of 4-7 is very near its iso- 
electric point. 

Ce and Yb migrated faster than Y and Pm 
at pH 7-2 but their peak coincided with the 
first albumin peak. 

In a phosphate buffer of pH 7-2, the free 
Y was negatively charged and moved very 
fast towards the anode. In a TRIS~—acetate 
buffer of pH 5-95, the free Y was positively 
charged and moved towards the cathode. 
When serum was present, however, Y 
moved in both cases with the albumin 
fraction, although at both these pH values 
albumin is negatively charged. ‘This speaks 
in favour of a complex formation between 


Y and serum-albumins and suggests that this 
complex is not easily broken. 

The Sephadex® gel filtration experiments 
show that Y is partly bound to the serum- 
proteins and, further, that Y comes out of 
the Sephadex® column together with a low- 
molecular u.v. absorbing material (or mate- 
rials) which probably consists of polypeptides 
and/or amino-acid aggregates. Pure Y will 
stick to Sephadex® and can be quantitatively 
removed with pure human serum-albumin 
but not with human globulin preparations. 
This result also speaks in favour of a com- 
bination between albumin and Y against a 
globulin-yttrium complex formation. Lower- 
ing of the pH at gel filtration gives results 
that coincide with those obtained at free 
electrophoresis in sucrose gradient. 


CONCLUSION 


Five minutes and | hour, respectively, after 
intravenous administration of radioisotopes 
of Y, Ce, Pm and Yb to rats, these elements 
are combined with albumins and with low- 
molecular u.v. absorbing complexes in the 
serum, which in free electrophoresis move 
like albumins. The possibility naturally 
exists that Y is combined with some sub- 


stance which does not absorb u.v. light but 
moves parallel, but this does not seem very 
probable. 

It can thus be concluded that, in the blood, 
albumins play the major role as complex 
former with these rare earths during the first 
hour after they have been injected intra- 
venously. 
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Measurement of Longitudinal Dispersion 
of an Airborne Dust Cloud in a Tunnel 
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A radioactive tracer gas technique has been developed to provide a convenient way of 
investigating the movement of the type of respirable dust cloud produced when explosives are 
fired in ventilated mine workings. 

The cloud is simulated by the radioactive tracer gas methyl bromide, containing y- and f- 
active Br®*. A cloud of the gas suddenly released in a full-scale mine-type tunnel is carried by 
the ventilating air past a number of Geiger counters. These are connected to a recording appar- 
atus so that the variation of active gas concentration with time at several distances from the 
point of release of the cloud is obtained. The records are used to calculate the dispersion of the 
cloud. The technique has been applied to a number of simulated mining situations in order to 
assess the dust hazard from shot firing. A few of the results are briefly referred to in the present 
paper. 


LA MESURE DE LA DISPERSION LONGITUDINALE D’UN NUAGE DE 
POUSSIERE PORTEE PAR L’AIR DANS UN TUNNEL 


On a mis a point une technique a gaz indicateur radioactif pour donner un moyen commode 


de rechercher le mouvement du genre de nuage de poussiére respirable qui se produit lorsqu’on 
donne le feu aux explosifs dans les chantiers de mine ventilés. 


On fai la simulation du nuage avec l’indicateur gazeux radioactif, le bromure méthylique, 
qui contient du Br** émettant des y et des 8. On relache instantanément dans un tunnel de 
mine de grandeur normale un nuage du gaz, lequel est porté par la ventilation auprés d’un 
nombre de compteurs Geiger. Ceux-ci sont reliés 4 un enregistreur, de sorte que l’on obtient la 
variation de concentration du gaz actif avec le temps a plusieurs distances du lieu ot fut relaché 
le gaz. Les enregistrements servent au calcul de la dispersion du nuage. La technique s’est 
prétee a un nombre de simulations de situations miniéres afin de juger le danger de la poussiére 
donnée par les détonations explosives. Cette communication fait bréve mention de quelques- 
uns des résultats. 


H3MEPEHHA JAIbHOCTH OBSIARA 
B TYHHEIA 


MeJIKOM IPM MpOMsBOACTBe B3PLIBOB B BEHTHJINpPYeMbIX WaxTaXx. 

QOOnNako Inpvert fl patHOaKTHBHbIM rasom, OpomMu THM Me@TH.IOM, coe 
y- Br®*. rasa, B HOpMabHOrO pasMmepa, 
IIPOHOCHTCA C HOTOKOM NO NYTH HeCKOABKMX 
cueTunkos Teiirepa. CoequHeHbl YCTPOlCTBOM, 
M3MeHeHHA rasa BO BpeMeHH, Ha PasJIM4YHbIX PaCCTOAHMX OT 
OTa Oba NpMMeHeHa B CY4aAX, B YCJOBMAX, 
YCIOBHAM B WaXTe, (JIA OMaCHOCTH OT BAbIXaeMOll OOpasyouelica 
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Measurement of longitudinal dispersion of an airborne dust cloud in a tunnel 


MESSUNG DER LANGSDISPERSION EINER STAUBWOLKE IN LUFT IN 
EINEM STOLLEN 

Eine radioaktive Gas-Indikatorentechnik wurde entwickelt um ein bequemes Mittel zur 
Untersuchung der Bewegung jener einatembaren Staubwolken zu erhalten, welche bei 
Sprengungen mittels Explosionsstoffen bei Arbeiten in ventilierten Minen auftreten. 

Die Wolken wurden durch gasférmiges Methylbromid nachgebildet, welches mit den 8- und 
y-strahlenden Br-82 markiert war. Die Gaswolke wurde plétzlich in einem gewéhnlichen 
Minenstollen freigesetzt und wurde mit Hilfe der Luftventilierung an einer Reihe von GM- 
Zahlern vorbeigefiihrt. Diese waren mit der Registrierapparatur verbunden, sodass die 
verschiedenen Konzentrationen des radioaktiven Gases zu bestimmten Zeitpunkten in mehreren 
Abstanden vom Ausgangsort der Wolke erhalten wurden. Diese Daten wurden zur Berech- 
nung der Dispersion der Wolke verwendet. Diese Methode wurde bei einer Reihe von den 
tatsachlichen Verhdltnissen in der Mine angeglichenen Situationen angewandt um die 
Gefahrdung durch Staub bei Sprengungen bestimmen zu kénnen. Einige der erhaltenen 
Resultate werden kurz in der vorliegenden Arbeit besprochen. 


1. INTRODUCTION 


WHEN an explosive charge is fired in rock 
or coal, a cloud of dust is produced. Part of 
this cloud consists of fine particles of dust 
less than 5 uw in diameter which can remain 
airborne for a long time, and can be breathed 
and retained in the lungs of workers; the 
accumulation of these particles in the lung 
can cause disease. This cloud of dangerous 
particles is carried through the workings, 
where it mixes with the ventilating air and 
becomes increasingly dilute and extended. 
In order to measure the quantity of dust 
produced, assess the hazard to health, and 
measure the efficiency of dust suppression 
methods, the time taken for the cloud to pass 
a given position must be known. A direct 
study of the behaviour of a dust cloud by 
dust-measuring instruments is difficult", 


and therefore the investigation described here 
was carried out by means of a much more 
convenient radioactive-tracer technique. 

Respirable dust particles mix and disperse 
in the turbulent airflow of a mine in a similar 
way to a gas’). ‘The air in mine roadways 
is always turbulent (a typical Reynolds 
number is 100,000). It is therefore possible 
to simulate the dust cloud by a radioactive 
gas cloud. 

A cloud of radioactive tracer gas was 
produced in a full-scale ventilated mine-type 
roadway. The cloud passed a number of 
Geiger counters, each separately connected 
to a central recording apparatus which 
monitored the variation of count-rate with 
time as the cloud passed each counter. 


2. EXPERIMENTAL TECHNIQUE 


A general view of the apparatus for 
suddenly releasing the cloud of radioactive 
gas and for detecting and recording its 
passage through a ventilated tunnel is shown 
in Fig. 1. 

The radioactive tracer chosen was 
bromine-82, which is y- and f-active with a 
disintegration half-life of 35-9hr. It was 
used in the form of methyl bromide (CH,Br) 
vapour. This has been used previously by 
Hopkinson™ to simulate respirable dust 
from continuous sources. 

The methyl bromide is prepared from 


100 me of active potassium bromide, and 
condensed in a lead-shielded copper U-tube 
which can be sealed by valves on each limb. 

The pulse release apparatus is shown in 
detail in Fig. 2. Pipe A is evacuated, valve 
B sealed and then pipe A is filled with 
methyl bromide by fully opening the valve 
on that side of the U-tube. Since the methyl 
bromide is liquefied in the U-tube a fixed 
amount of gas enters pipe A (the amount 
depends on the volume of pipe A). The 
compressor is switched on, so that air passes 
through the one-way valve, and when the 
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GEIGER COUNTER 


RELEASE APPARATUS 
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Recording apparatus 


Fic. 1. Apparatus for the study of the propagation of a pulse of radioactive tracer gas along a ventilated tunnel. 
[Crown copyright. ] 
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LEAD-SHIELDED 
COPPER U-TUBE 


LIQUEFIED 
METHYL BROMIDE 


REMOTE READING 
PRESSURE GAUGE 


PRESSURE 
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Fic. 2. Pulse release apparatus. [Crown copyright.] 


pressure reaches 6 atm the thin aluminium 
disk, holding the gas from the five release 
heads, ruptures. The spread of the gas 
emitted through the small holes in a release 
head, and hence the uniformity of the initial 
cloud, can be adjusted by altering the 
distance between the adjustable disk and the 
fixed disk. The cloud is then carried by 


the ventilation past the six Geiger counters, 
the output from each of which is fed into an 
amplifier and scaler, every hundredth pulse 
produced being marked on the moving paper 
chart of a four-channel pen-recorder. Any 
three adjacent Geiger counters can be 
connected to the recorder at one time. The 
remaining channel marks the chart every 
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fifth of a second and also indicates, by means 
of a pressure switch, the instant the cloud 
is released. 


The count rate, and therefore 


3. CALIBRATION 


a) Cloud uniformity 


The uniformity of the cloud of gas across 
the section of the tunnel was checked by the 
method described by Hopkinson‘), Air 
from five positions across the roadway was 
drawn through granulated-charcoal beds 
which absorbed the methyl bromide. ‘The 
activity in the beds was measured by a 
scintillation counter and showed that the 
maximum irregularity in the cloud con- 
centration 100 ft from the source was 
within 20 per cent of the mean concentration. 
If better initial cloud uniformity were 
required, more than five release heads would 
have to be used. 


b) Calibration of the Geiger counters 

Since the sensitivities of the Geiger 
counters with their associated quenching 
and pulse-shaping circuits were different, 
their relative sensitivities had to be deter- 
mined. During the experiments, the majority 
of the electrical pulses produced by a Geiger 
counter came from f-disintegration of the 
Br*? within | m of the counter. In order to 
calibrate the instruments, it was assumed 
that the f-sensitivity of a counter and circuit 


S. J. Leach and G. L. Walker 


the active-gas concentration, is found from 
the number of pulses recorded in a known 
time interval. 


OF APPARATUS 
was proportional to its y-sensitivity. The 
count-rate from each counter was measured 
for a 0-5 c source of f- and y-active Cs'*’, 
in a container which effectively shielded the 
B-emission, placed at several fixed distances 
from each counter. The observed count- 
rates from five of the counters were plotted 
against the sixth, and the graph was used to 
relate the count-rates observed in the pulse 
experiments to that one counter. A correc- 
tion for counter dead-time was made using 
the known dead-time imposed by the quench- 
ing circuits used with each counter. The 
tunnel was wet causing drifts of counter 
sensitivity which provided the main source 
of experimental error. 

The results from a typical experiment are 
given in Fig. 3, which shows the observed 
concentration plotted against the time after 
firing the release mechanism. After cor- 
rection for sensitivity and dead-time, the 
area under each curve was measured in each 
experiment. All the measured areas were 
within 25 per cent of the mean area and 
distributed randomly about the mean, which 
showed that wall absorption was small and 
that the dead-time and sensitivity correc- 
tions had been satisfactorily applied. 


600 


oO 


Ws 


80 120 


Time after release, sec 


Fic. 3. Variation of count rate with time for a typical experiment. 
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Measurement of longitudinal dispersion of an airborne dust cloud in a tunnel 


4. RESULTS AND CONCLUSIONS 


(a) Introduction 

The present work was carried out in order 
to find how clouds of dust produced by shot- 
firing are carried and diluted by the ven- 
tilation in mine workings. The airflow in 


mine tunnels is similar to turbulent flow of 


any fluid in rough pipes, and Taytor*®? 
predicted how pulses of one fluid, in another 
of similar density, behave in fully-developed 
turbulent pipe-flow. 
material filling the cross section of a pipe 
and carried along by the fluid on each side 
is diluted as it travels. The dilution by the 
main fluid occurs because the fluid velocity 
is greater at the centre than near the walls, 
even in turbulent flow, and this causes the 
plug to lengthen. Turbulent diffusion 
opposes the lengthening because it tends to 
make the “thead of the plug”, produced by 
the faster velocities at the centre, diffuse 
outwards to the slower-moving region and 
conversely, to make the slower-moving tail 
diffuse towards the faster-moving centre. 
(b) Experimental results 

The 


been 
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experimental results 
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Fic. 4. Comparison of pulse-peak velocity with 


mean air velocity in tunnel. 
[Crown copyright. } 


A short “plug” of 


published in detail for several mining 
situations. Only a few of the results will be 
given here. 

When a straight 8 
arched tunnel 


8 ft semi-circular 
arranged free from 
obstructions, or long-wall coal-face 
(Fig. 4a), or with two large obstructions 
(Fig. 4b), the velocity of the peak concentra- 
tion of the plug travelled each time at the 
mean air velocity (Fig. 4c), as determined 
by measurement with a vane anemometer. 

The “pulse transit time” at a particular 
distance is defined as the time for which the 
concentration exceeds 10-' or 0-32 of the 
peak pulse concentration. 

The “pulse length” is defined as the 
product of pulse transit time and mean air 
speed, and is theoretically independent of 
air speed and proportional to the square root 
of the distance of the observation point from 
the origin of the plug. 

From the corrected measurements of the 
variation of active-gas concentration with 
time at the six positions, the time taken for 
the cloud of active gas to pass any position, 
and the pulse transit-time, can be calculated. 

When the tunnel was arranged as a 
long-wall coal-face (Fig. 4a), the pulse length 
was proportional to x! (Fig. 5). The 
observed pulse length, L, is given by 


was 


as a 


L 5-4 
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Fic. 5. The variation of pulse length with distance 
from release position for a simulated long-wall 
coal-face. 

[Crown copyright.] 
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This empirical formula for the simulated 
coal-face was in good agreement with 
experiments in a coal-mine in which non- 
active nitrous oxide was used as the tracer 
gas‘”’, 

This formula, and others given’ by 
Hopkinson and Leacw™) and Leacu and 
WALKER"), can be used to calculate the time 
a plug of dust produced by shot firing takes 
to pass a point a known distance downstream. 
The time of arrival of the peak concentration 
is known, for it travels at the mean air 
velocity. It was observed empirically that 
virtually all the material in the plug passed 
in the period from plus twice to minus 
twice the pulse transit time, measured from 
the time of arrival of the peak. The pulse 
transit time is given by the pulse length 
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(calculated from the empirical formula) 
divided by the mean air velocity. 

In addition to investigating the lengthening 
of clouds of respirable dust, the technique 
described here can be used for total-flow 
measurement in turbulent gas flows (for the 
peak concentration travels at the mean flow 
velocity), and can be applied to fundamental 
studies of mixing in turbulent airstreams. 
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The Accuracy of Isotope Dilution Methods 
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The accuracy of quantitative analyses by various isotope dilution methods is discussed. 
The most favourable amounts of dilution are derived under the assumption that the relative 


error, 6S/S, in measuring a specific activity, S, is independent of S. 


LA PRECISION DES METHODES A DILUTION D° ISOTOPES 


On présente une discussion de la précision des analyses quantitatives par des méthodes 


diverses 4 dilution d’isotopes. 


Suivant l’hypothése que l’erreur d’observation relative, 58/S, de 


activité spécifique, S, est indépendante de S, on dérive les dilutions les plus favorables. 


TOUHOCTh 


PACTBOPA HS3S0TOTLOB 


pacTBOpeHHA HSOTOTIOB. 
YO OTHOCHTe.IbHan 


6.1 arolpHATHOe KOAMYeCTBO PacTBOPOB 
HeTOUHOCTh 


S, conepmienHo He or 


DIE PRAZISION DER ISOTOPEN-VERDUNNUNGS-METHODEN 
Die Prazision quantitativer Analysen mit verschiedenen Verdiinnungsmethoden ist dis- 
kutiert. Die besten Verdiinnungen sind abgeleitet unter der Voraussetzung, dass der relative 
Beobachtungsfehler, 58/8, der spezifischen Aktivitat, S, von S unabhangig ist. 


1. INTRODUCTION 


WHEN a substance, C, is present in a mixture 
in very small quantities, it may be difficult 
to perform its quantitative analysis by 
ordinary chemical means. Isotopic methods 
then have the advantage in that the sub- 
stance C need not be extracted in toto and 
that, consequently, it can often be extracted 
in a purer form. 

To discuss the accuracy of an analysis by 
isotopic dilution, it is necessary to state which 
variables need to be determined and to what 
degree of accuracy they can be measured. 
Now, it will be seen that all relevant formulae 
(derived below) give the amount, m, of 
substance C to be analysed in terms of the 
ratio of two specific activities. It follows 
then that, to determine m, it is sufficient to 


measure a quantity proportional to the 
specific activity instead of measuring the 
specific activity itself. 

The quantity measured is usually the 
counting rate, obtained with a suitable 
electronic counter. If the experimental 
conditions are kept constant, e.g. if the 
geometric arrangement of the radioactive 
sample relative to the detector is always the 
same, the counting rate will be proportional 
to the specific activity. 

Now in repeated measurements, the 
counting rate will fluctuate, partly because 
of the random nature of the radioactive 
decay process and partly because the 
experimental conditions are not exactly 
repeatable. Under the usual conditions, 
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both (absolute) errors are proportional to 
the specific activity of the substance, so that 
the relative error, 6S/S, is independent of 5S. 
Since the relative error, 65/5, of the specific 
activity is equal to the relative error of the 


corresponding counting rate, it can be 
estimated by repeated measurement. Hence, 
the relative error, dm/m, of m can be deduced, 
and the most favourable dilutions can be 
determined for each situation. 


2. SINGLE DILUTION WITH LABELLED COMPOUND 


To determine the unknown amount, m, of 


substance C in a mixture, we add a known 
amount, m, of substance C, labelled with a 
suitable radioisotope of specific activity S». 
The total activity is then Sym, S(m + mg), 
where S is the specific activity after dilution. 


Hence 


The relative error in m can now be deduced 


by differentiation with respect to S, and S; 
we have 

dS, 


and hence, by substituting m,S,/S = m 


om Mg 


om m 


Mo 


m m Se S 


which shows that the relative error in m is 
minimized by making m, small compared 
with m. 


3. SINGLE DILUTION WITH UNLABELLED COMPOUNDS (REVERSE 
ISOTOPE DILUTION) 


While the method of Section 2 can only be 
applied when substance C is present in an 
inactive state and in sufficient quantity to be 
at least partially) recoverable in a_ pure 
state, the following method can sometimes 
be applied when these conditions are not 
satisfied. 

Suppose that substance C can be obtained 
in the mixture in a radioactive form of 
specific activity S, (say). We then dilute the 
mixture with a known quantity, m,, of 
inactive substance C. The total radio- 
activity in the aliquot considered is then 
m,), where S is the specific 


Sim 


4. DOUBLE DILUTION WITH 


The method of Section 3 breaks down 
when it is impossible to determine the original 
specific activity, S», (or its equivalent 
counting rate). We then need two equations 
for the two unknowns, m and S,."°?) For 
this situation we take two aliquots of the 
mixture of equal mass and dilute the first 
with the quantity m,, the second with 
quantity m, of inactive substance C. Since 
the same (unknown) amount, m, 1s con- 
tained in the two aliquots, we have Sgm = 


activity after dilution. Hence 
m,S 
m 3) 


and, by differentiation with respect to S$ and 


om m \ (oS OS, 
which shows that dm/m is minimized by 
making m, large compared with m. More- 


‘over, when m, is made large compared with 


m, the recovery of substance C is facilitated 
because a greater amount is now present for 
extraction. 


UNLABELLED COMPOUND 


S,(m + m, S,(m + m,), where S, and S, 
are the two specific activities after dilution. 
Hence 
S,m, — Sym, (5) 
m 5 
The error is again obtained by differentiation 
which, after simplification, gives 
dm (my, — m,)S,S_ (dS, 48, 
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The accuracy of isotope dilution methods 


and hence 
dm ‘m + m,)(m 6S, dS, 
m m(ms m, S, S; 


Since, by assumption, 4S,/S, and d8,/S, are 
essentially unaffected by variation of m, and 


m,, we Can minimize dm/m by minimizing 
m,)(m + mg) 

y (m, < mg, say). 

— Mm, 
Now, » obviously decreases with m,; we 
the alle make m, as small as possible. (Note 
that m, must still be large compared with m 
to obtain a sufficient dilution for recovery of 
the substance in a pure form.) This being 
done, we keep m, fixed and determine m, so 
that _y is minimized. Now it is easily seen, by 
logarithmic differentiation with re spect to 
ms, that » decreases when m, increases. 
Hence » is minimized by making m, as large 
as possible. 


5. DOUBLE DILUTION WITH LABELLED COMPOUND 


The method of Section 4 can only be 
applied to mixtures in which the substance 
to be analysed is already labelled. But 
suppose now that although substance C 
cannot be extracted in a pure form, it can be 
extracted in the form of another compound, 
C”, in which C is contained fixed but 
unknown (small) proportion, p. (Such a 
situation has been dealt with by ZimaKkov 
and Rozuavsky who determined antimony 
impurities lead; see also ALIMARIN and 
where this experiment is 
reported.) The specific 
substance C after dilution with radioactive C 
cannot be determined, but we can measure 
the counting rate corresponding to the 
specific activity, S, of the new compound, C’. 
Since the two specific activities are related 
by the equation S$ = ps, we obtain the 
equation S(m + m, Simp, where m, is 
the amount of radioactive substance C added 
to the mixture and S, is its specific activity. 
Since m and /p are unknown, two equations 
of the above form are required. To obtain 
them, we take an aliquot, Q,, of the mixture 
and add a known mass, m,, of radioactive C of 
specific activity S,,. This gives the equation 
So, p- (7) 
We then take a second aliquot, Q,, of the 
same mass and add a known mass, m,, of 
radioactive C of specific activity Sy. This 
gives the equation 


S,(m + M,) 


+ my) = Sogmop. (8) 


activity, s, of 


The counting rates corresponding to the 
specific activities S$, and §, after dilution can 
be determined by recovering small quantities 
of compound C’. The unknown quantity m 
can then be determined by eliminating p 
from equations (7) and (8). We thus obtain 


ol o2 9 


m 


> 


If, in particular, the original total activi- 
ties, mS, and m,Sy., are chosen to be 
equal, i.e. if we make S$ = m,/m, 
equation (9) reduces to 


—S, 


m,S 
m1 10 


which is of the same form as equation (5). 
It follows that the error in m is again given 
by equation (6) and that the minimum error 
is obtained when m, is chosen to be as 3mall 
as possible and m, as large as possible. 
(Note that here m, can be made very small, 
even compared with m, provided the 
resulting specific activity is large enough to 
be measured. 

If, alternatively, we 
equation (9) reduces to 


choose Sy, 


mms(S> — 5; 

mS, — mS, 
It can be shown easily that here again the 
relative error in m is given by equation (6). 


be 
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6. DISCUSSION 


a) Methods of quantitative analysis by 
isotopic dilution have been frequently applied 
for more than twenty years. A historical 
survey has been given by Prnajian et al., 
and methods of single and double dilution 
are illustrated in practical applications by 
RosENBLUM'® who also gives a great number 
of references. 

The method of double dilution was first 
proposed by BLtocw and ANKER"?, and a 
numerical application is reported by Mayor 
and Apparently, only a few 
applications of double dilution with active 
isotopes have as yet been attempted. One 
application, determining antimony impuri- 
ties in lead, conducted by Zimakov and 
RozuHavsky" has been reported by ALIMARIN 
and 

cribing the method of double dilution with 
active isotopes, stipulate that one of the 
difficulties in this method is that equal 
amounts of the compound must be recovered 
from the two aliquots. The derivation of 
equation (9) in Section 5 shows, however, 


that this is by no means necessary. 

(c) Discussions of accuracy are given in 
various but the underlying 
assumptions are not always clearly stated. 
The equations (2), (4) and (6) not only permit 
the most favourable dilutions to be found but 
also allow the assessment of the error when 
the relative errors of measurement of the 
specific activities can be estimated. 

d) The question may be raised as to 
whether, instead of double dilution, dilution 
at three or more levels may not lead to 
more accurate determinations of m. It can 
be shown", however, that when multiple 
dilution is required, the most efficient method 
is to make equal numbers of observations at 


the highest and lowest possible levels of 


dilution. 
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Observations on the Determination of Blood 
Passage ‘Times in the Brain by Means of 
Radioactive Erythrocytes and 
Externally Placed Detectors 


K. LJUNGGREN*, G. NYLIN*#, B. BERGGREN*, 
S. HEDLUND? and O. REGNSTROM# 


First received 27 June 1960 and in final form 7 June 1961) 


A method has been developed which permits a rapid determination of blood passage times 
in each brain hemisphere separately by means of intravenously injected Cr°!-labelled erythro- 
cytes and direct measurement with two collimated external scintillation detectors connected 
to count rate meters and a fast two-channel recorder. 

The method gives, in the majority of the cases investigated, values for the passage time which 
are accurate to within 10 per cent. As evidence has been published that this passage time is 
characteristically lengthened under certain pathological conditions in comparison with the 
values for healthy subjects, the measured passage times may serve as a diagnostic indication of 
such states. 


DES OBSERVATIONS SUR LA MESURE DES PERIODES DE PASSAGE DU 
SANG DANS LA CERVELLE AU MOYEN DES ERYTHROCYTES RADIOACTIFS 
AVEC DES DETECTEURS SITUES EXTERIEUREMENT 

On a mis a point une méthode permettant la mesure rapide des périodes de passage du sang 
dans chaque hémisphére de la cervelle individuellement, au moyen des érythrocytes marqués 
de Cr*! et injectés intravéneusement et de la mesure directe avec deux détecteurs a scintillement 
collimés situés a l’extérieur et reliés a des indicateurs de taux de compte et a un enregistreur 
rapide a deux canaux. 

La méthode donne, dans la plupart des cas examinés, des valeurs pour la période de passage 
a une précision de 10 pour cent ou mieux. Ila été mis en évidence que cette période de passage 
subit une augmentation caractéristique sous certaines conditions pathologiques, aussi la 
mesure des périodes de passage servirait-elle d’indication diagnostique de telles conditions. 


HAJT BPEMEHEM B MOSry IIPH 
NOMOUWM PAJMOARTHBHBIX OPHTPOLUMTOB H3BHE 
HOMEMEHHbBIX JLETERTOPOB 


Obit paspa6oran GbcTporo BpPeMeHH KpoBM B 

OTOT MeTOA Mad, B BpeMeHH 
cay4ae COCTOHHHMA H TakKHM O6paso0mM 
OTAMYAIOCh OT 3LOPOBLIX Takoe BpeMeHH Npoxoza KpoBH B 
cCOCTOAHHA. 


* Isotope Techniques Laboratory, Stockholm, Sweden. 
+ Radioisotope Research Laboratory, South Hospital, Stockholm, Sweden. 
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BEMERKUNGEN ZUR BESTIMMUNG 


K. Ljunggren, G. Nylin, B. Berggren, S. Hedlund and O. Regnstréim 


DER BLUTDURCHFLUTUNGSZEITEN 


IM GEHIRN MITTELS RADIOAKTIVER ERYTHROZYTEN UND AUSSERHALB 
ANGEBRACHTEN DETEKTOREN 

Eine Methode wurde entwickelt welche eine schnelle Ermittlung der Blutdurchflutungs- 

zeiten in jeder Gehirnhalfte getrennt ermoglicht mittels Cr®! markierten Erythrozyten welche 


intravends injektiert wurden. 


Unmittebare Messungen wurden mit zwei ausserhalb angebrachten kollimierten Szintil- 
lationszahlern ausgefuhrt die mit Zahlgeschwindigkeitsmessern und einem schnell ansprechen- 


den 2 Kanal Empfanger verbunden waren. 


In der Mehrheit der untersuchten Fallen liefert die Methode Werte der Durchflutungszeiten 


dis bis auf 10°, genau sind. 


Da fruhere Veroffentlichungen schon gezeigt haben, dass die Durchflutungszeiten unter 
bestimmten pathologischen Zustanden in Vergleich zu Werten bei gesunden Personen 
charakteristisch verlangert werden, so konnen moglicherweise die gemessenen Zeiten zur 


Diagnostik solcher Zustande dienen. 


Ine cerebral blood circulation has been 
earlier studied by means of a method 
developed by Nyuin and Brémer" and 
al.) Recently, a large number of 
cases investigated by this method has been 
reported by Ny including cases 
on normal subjects. 

The method, in its present form‘, is based 
on the injection of labelled erythrocytes into 
the internal carotid arteries with blood 
sampling from both internal jugular vein 
combined with an intravenous injection, 
blood samples being drawn from the internal 
jugular veins and one internal carotid artery. 

The method permits detailed and accurate 
calculations of characteristic circulation 
times, volumetric blood-flow rates and the 
cerebral blood-pool volume. ‘The results 


measurement was made 


The activity 
externally on the internal carotid arteries 
and internal jugular veins on both sides of 


the neck. Because these blood-vessels are 
situated under several centimetres of tissue, 
a y-emitting nuclide was necessary. A 
labelling of the erythrocytes was preferred 
to labelling the plasma in order to make 
possible a correct comparison with the 
results obtained earlier with radioactive 
erythrocytes. The use of Cr®!, reported by 
Gray and Sreriinc'®), seemed to offer a 
convenient way of making red blood cells of 
sufficient specific activity. 

The preparation was made as follows. 


INTRODUCTION 


LABELLING OF BLOOD 


obtained indicate that the characteristic 
circulation times, in particular the mean 
circulation time, are of essential diagnostic 
importance, being significantly lengthened, 
under certain pathological conditions in com- 
parison with the values for healthy subjects. 

It was therefore considered essential to 
find a method, solely intended for measuring 
the mean cerebral circulation time and 
symmetry of flow, which could be more 
easily adapted to clinical routine investi- 
gations. The present paper describes such a 
method in which a mean passage (or 
circulation) time of the blood through each 
cerebral hemisphere can be determined by 
means of an intravenous injection of Cr®!- 
labelled erythrocytes and externally placed 
scintillation detectors. 


The erythrocytes were separated by centri- 
fuging from the plasma in a blood sample 
taken from the person to be investigated. 
They were then dispersed in a_ sterile 


isotonic radioactive chromate solution of 


high specific activity and agitated for a 
period of nearly 2 hr. The chromate uptake 
was found to agree with the results given by 
Gray and Sreruineo'®’, With a radioactive 
chromate solution from the Radiochemical 
Centre, containing about 50-60 wg chro- 
mium/mce of Cr®!, a specific activity of 2 mc 
Cr®'/ml of red cells has been obtained. 
After treatment, the cells were washed 
repeatedly and the original plasma was 
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again added to the cells. This left a final 
specific activity of about | mc Cr®!/ml of 
whole blood. 

Cr*! decays with a half-life of 27-8 days, 
emitting a 323 keV y-ray in 8 per cent of the 
disintegrations, and characteristic vanadium 
X-rays of 4-9 keV following electron capture. 


The energy of the y-ray is nearly perfect for 
measurements through some centimetres of 
tissue with collimated detectors—the pene- 
tration through organic tissue is satisfactory 
while the shielding of unwanted radiation 
can be accomplished by a very moderate 
thickness of lead. 


RADIATION DOSES 


The radiation doses from the administered 
radioactive chromium were moderate, mainly 
due to the absence of f-radiation. Most 
experiments have been made with between 
1 and 1-5 me of Cr®'. The total body dose 
from the y-radiation of | mc Cr®! has been 
calculated to be 0-1 rad. Additional doses 


were received from the soft X-radiation by 
critical organs, viz. blood, spleen, kidney and 


APPARATUS AND 


The tagged whole blood, between | and 
1-5 ml, was rapidly injected into an arm 
vein. After passing through the cardio- 
pulmonary circulation, an active bolus was 
sent out into the arterial system. This was 


V. super ficialis 
dorsalis 


liver. The highest dose fell on the blood 

altogether about 0-9 rad for Ime Cr®! 
injected. This means that the number of 
investigations on the same subject should be 
restricted to a minimum, especially in the 
case of young persons. However, the method 
has its main potential use for diagnosing 
conditions appearing in older age groups. 


MEASUREMENTS 


registered by two scintillation detectors 
viewing separately the internal carotid 
arteries on both sides. The sensitive field of 
the detector is shown in Fig. 1. The axes of 
the detectors lie in the tangent plane to the 


Fic. 1. Measuring plane with 
collimator iso-sensitivity curves. 
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condyli occipitales and the maxilla bone. 
After the active blood volumes had passed 
the brain, they again flowed past the sensitive 
solid angle of the collimated detectors, 
through the internal jugular veins, and a new 
activity peak was registered for each side. 

Scintillation detectors were used for the 
efficient measurement of the chromium 
y-rays. The detectors were equipped with 
| x 1 in. sodium iodide crystals. ‘They were 
collimated in order to suppress signals from 
the blood-vessels on the opposite side and 
from the external jugular veins. The 
collimation cannot be made too narrow, 
however, since some allowance has to be 
made for individual variations in the position 
of the blood-vessels. A schematic drawing 
of the plane through the detector axes, 
showing the blood-vessels and the position 
of the different iso-sensitivity curves for the 
detector—collimator arrangement, is given in 
Fig. 1. The iso-sensitivity curves have been 
recorded with a Cr®! source in water, in 
order to reproduce as closely as possible the 
absorption and scattering properties of 
human tissue. 

The collimators have been shaped in such 
a way that they can be accurately positioned 
for patients with occipital dimensions not 
deviating too much from the normal. This 
positioning is accomplished by means of 
adjustments of the collimator tripod. In 
some experiments, the measurements have 
been made from the front using the same 
collimators. In this case the measuring 
plane was lowered and the arterial measure- 
ment made actually on the common carotid 


In all, measurements on 7 patients and 5 
normal subjects are reported here. Age and 
diagnosis in each case are given in Table 1, 
together with the measured mean cerebral 
circulation times. In all cases, except Nos. 7, 
8 and 9, the measurements have been carried 
out with the detector—collimator arrangement 
in the occipital position. On two occasions, 
cases Nos. 3 and 12, simultaneous compara- 
tive measurements were made with the 
puncturing and sampling technique. 


RESULTS AND 


arteries. The resulting curves are very 
similar to those obtained in measurements 
from the back of the neck. 

The collimators were made rather thick 
in order to reduce the background counting 
rate and thus increase the sensitivity. 
During the experiments, this background 
had been 5-10 counts/sec. The injected 
activity, ranging from | to 1-5 mc, gave rise 
to a maximum counting rate of 50-70 
counts/sec in the peak of the activity curve 
from the jugular veins. 

The detectors were connected to tran- 
sistorized counting rate meters, operating 


with a time constant of 1 sec. The choice of 


time constant is quite critical. The rate- 
meter signals were fed to a fast two-channel 
ink jet recorder (Mingograf 230). The rate 
meters used were not provided with a 
variable pulse-height discriminator or high- 
voltage controls but were operated with a 
fixed threshold energy of about 50 keV. 
Better focusing may possibly be obtained 
with a higher discriminator setting, since 
radiation from interfering blood-vessels, e.g. 
the external jugular veins, which is scattered 
towards the detector after reaching a point 
within the sensitive collimator angle, will be 
rejected because of its reduced energy. On 
the other hand, counts from the vessels 
studied will also be lost. Figure | shows that 
the contribution from the external jugular 
veins, which will transport a fraction of the 
injected active blood, is somewhat higher 
than 25 per cent of that from the internal 
carotid and jugular vessels with the present 
collimator and detector—rate-meter system. 


DISCUSSION 


The resulting activity curves are exempli- 
fied by the curves in Fig. 2 which were 
recorded for case No. 1. A closer inspection 
of the upper curve, which corresponds to the 
detector on the patient’s left side, shows, 
immediately after injection, a slight increase 
of activity, and culminates in a flat top. This 
is due to the passage of active blood through 
the sensitive collimator field when the blood 
is carried into the axilla and thorax. Some 
seconds later a larger peak is recorded, 


| 
re 
4 
VOL 
196. 
: 
] 
J 
i 
: 


Observations on the determination of blood passage times in the brain 


Taste |. Mean circulation times for cerebral blood flow in both hemispheres, obtained by 
means of intravenous injections and external measurements 


Diagnosis 


Cerebral 
Cerebral atherosclerosis 
Cerebral atherosclerosis 
Cerebral atherosclerosis 
Normal subject 

Normal subject 

General atherosclerosis 


Decompensation of heart; 


liver cirrhosis; general atherosclerosis 


Normal subject 
Normal subject 
Obs. thrombosis 
Left-sided hemiplegia 


Normal subject 


Mean circulation time 
(sec) 


Apparent interval 
between curve peaks 


Interval between artery 
and vein curve centroids 


Left 9-0 
Right 
Left 
Right 
Left 
Right 
Left 
Right 
Left 
Right 
Left 
Right 
Left 
Right 
Left 
Right 
Left 
Right 
Left 
Right 
Left 
Right 
Left 
Right 
Left 
Right 


Activity from V. jugularis 


Activity from A. carotis interna 


\\ 


Injection 


interna 


25 30 


Fic. 2. Experimental recorder curve from case No. 1. 


corresponding to the passage of part of the 
tagged blood volume through the carotid 
artery. This peak is followed by a still 
larger peak due to the return of activity 
through the jugular vein. Thereafter, the 
activity decreases to a constant level, which 
represents the resulting equilibrium con- 


centration of active erythrocytes in the 
whole blood volume. In the first part of this 
plateau, large fluctuations indicate that the 
mixing is incomplete but, after 2-3 min, the 
fluctuations have been reduced to the 
statistically expected level. 

In most recordings, the artery and vein 
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peaks are separated sufficiently to permit 
analysis, but in certain cases the overl. ipping 
of the two peaks is so serious that no evalua- 
tion can be made. (The right side in Fig. 2 
represents a less favourable case than the 
left side.) This can hardly be overcome by 


means of a faster injection since the width of 


is mainly determined by 
heart ventricles. 


the arterial curve 
the blood mixing in the 
Nevertheless, the injection time has been 
kept as low as about 0-5 sec which is easily 
accomplished with the small injected volumes 
used. 

From the curves, an apparent 
time can be obtained in most cases by merely 
measuring the peak distance. However, this 
cannot be regarded as a theoretically correct 
measure of the time since an 
additional longitudinal dispersion of the 
tagged blood volume will take place, causing 
a change in the shape of the vein curves as 
compared with the artery curves. Under 
such circumstances, the distance between 
the two curve centroids, or centres of area, 
measure of the mean 


passage 


passage 


is a more correct 
passage time. 

Although the apparent passage times, 
taken directly from the recorder curves, may 
be used as an approximate measure of the 
passage time through the brain, more 
accurate time determinations require a 
detailed analysis of the curves obtained 1 
order to find the true individual shapes of the 
artery and vein curves. This analysis was 
based on the knowledge of the typical 
individual shapes of artery and vein curves, 
which has been obtained in the large number 
of measurements earlier performed by means 
of the sampling technique. 5) ‘The artery 
and vein curve contributions to the composite 
curve can be resolved when the normal artery 
and vein curve widths and the time for the 
beginning of recirculation are known, with 
a degree of accuracy that permits reasonably 
precise time determinations in the majority 
of cases. 

The area of the jugular vein curves is 
always larger than that of the corresponding 
artery curves. This is mainly due to the 
larger diameter of the inte -rnal jugular vein 
as compared to the internal carotid artery. 
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When measurements are made from behind, 
this effect is augmented by the smaller 
distance from the detector to the vein. The 
vein curve area varies between 1-5—2-5 times 
the artery curve area in the measurements 
made here. This also means that the artery 
and vein activities give different contri- 
butions, in the same ratio, to the resulting 
background. This has to be taken into 
account in the evaluation. In some cases an 
iterative analysis had to be employed. 

The error in the passage-time deter- 
mination can be estimated, from a repeated 
evaluation of some curves, to be 10 per cent, 
i.e. | sec for a time of 10 sec. The 
fact that the apparent passage times, taken 
directly from the recorder chart (Table 1), 
agree within these limits with the times 
calculated from a detailed analysis of the 
confirms that the uncertainty of the 
will not exceed the value 


passage 


curves, 

curve 

given. 
Altogether, 


analysis 


twenty-six curves have been 
recorded in connexion with intravenous 
injections. Of these, nine could not be 
analysed due to the large overlapping of the 
artery and vein curves. This means that 
about 65 per cent of the recordings can 
be evaluated with the above-mentioned 
precision. If a more approximate value is 
considered satisfactory, this can be obtained 
in more than 80 per cent of the cases from a 
simple and quick measurement on the 
recorder diagram. 

The cases investigated show, 
passage times between 7 and 
healthy subjects, except case No. 
to this group. In two cases, Nos. 


in general, 
ll sec. All 
5, belong 
3 and 


Taste 2. Comparison between results obtained with 
the external method and the sampling method, using 


intravenous injection 


Mean passage time 
sec 


Case No. 


External method Sampling method 


19 14 
9-0 7-4 


* The values given are the averages for both sides. 
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extremely long passage times have been 
measured. 

The comparison between the results 
obtained by the external method and the 
sampling method is made in Table 2. The 
agreement is satisfactory, though only two 


A method has been developed which 
permits a rapid determination of blood 
passage times in the brain hemispheres by 
means of intravenously injected radio- 
actively-labelled erythrocytes and direct 
measurement with two collimated external 
scintillation detectors. 

The method gives, in the majority of cases 
values for the passage time which are 
accurate to within 10 percent. In certain 
cases, the overlapping between artery and 
vein curves caused by the dispersion of the 
tracer makes the analysis difficult or im- 
possible. But even in these cases any great 
deviation from the normal values is distin- 
guishable and repeat runs can be made, or the 
patient can be referred to an investigation 
by means of the puncturing and sampling 
technique. 

The use of chromium-labelled erythrocytes 
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technical note 


Photoproduction of Calcium-47* 
Received 19 December 1960 


Tue production of Ca*’ for use as a tracer in medicine, 
agriculture and industry is of considerable interest"). 
For some of these uses, a high degree of radiochemical 
One method 
is by high-energy X-ray excitation 
of Ca** followed by neutron emission to Ca*’?, The 


purity with respect to Ca® is desired. 


of producing Ca‘? 


use of isotopically pure Ca*® would lead to Ca‘? 
uncontaminated with Ca*®. 

Several methods have been used for the production 
Ca*? 
spallation reactions on copper, iron, vanadium and 
(4,6 


of including neutron irradiation of Ca*®,{?-5 


chromium, 
(5,9) 


and other charged particle reac- 


tions. In most of these processes, Ca® is produced 


as an unwanted by-product. The only reported 
production of Ca*? by a y,n reaction was in work 
done at the Royal Marsden Hospital, London"), 
In those experiments, calcium irradiated with elec- 
tron synchrotron Bremsstrahlung of maximum energy 
22 MeV gave a yield of 0.1 Mc of Ca*’ per gram of 
Ca*® at infinite irradiation time. 

The Oak Ridge National Laboratory provided on 
loan 125 mg of enriched calcium carbonate contain- 
ing 95.6 + 0.1 per cent Ca*® and 
Ca*®, 


formed 


0.05 per cent 
Two irradiations of this material were per- 

with the Iowa State University electron 
synchrotron. 

The enriched CaCO, was irradiated in a cylindrical 
holder of 
inserted into a stainless-steel probe extending into the 
(10), At the 
irradiation, the maximum energy of the synchrotron 
2 MeV, 


After irradiation, a portion of the material was 


non-magnetic stainless steel which was 


donut of the synchrotron time of the 


was 46 


transferred to a Plexiglas holder and counted in a 
Los Alamos-Sugarman proportional counter backed 
by a Radiation Counter Laboratory pulse amplifier 
and scaler. The window of the counter tube was 
1.8 mg/cm? aluminized Mylar film and the counting 
gas was methane. The sample was counted with 
no added absorber and with 278 mg/cm? Al absorber, 
twice daily for five half-lives of Cat’. A Sr%-y% 
sample with decay rate previously determined in a 


counter was mounted identically and counted 


* Contribution No. 961. Work was performed in the 
Ames Laboratory of the U.S. Atomic Energy Commission. 
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during each period in order to normalize the calcium 
counting rates and to obtain an approximate geometry 
factor. In to the cross section, a 
separate irradiation under the same geometry was 
made on copper metal in the form of discs. 


order estimate 
These 
were counted in the same system and with the same 
geometry. After the irradiated calcium had decayed 
through twenty-three half-lives of Ca*’, it was again 
counted in order to determine the yield of Ca", 
Measurements of the Ca*? decay with 278 mg/cm? 
of aluminum absorber between source and detector 
were used for the determination of the half-life of 
Ca*’. In this case the detection coefficient of Sc*? 
was considered the 
and the efficiency of this 
radiations that this 
assumption would not introduce an error of more 
than 0.5 per cent in the half-life. Data taken on the 
decay of 


negligible. Consideration of 


various radiations from Sc*? 


counter for these indicates 


over five half-lives were treated by the 
method of least squares with a resultant value of 
4.51 0.01 days for the half-life (Fig. 1 This 
error represents the precision of the data; a systematic 
error due to the presence of the Sc*? daughter could 
increase the overall error to +0.02 days or roughly 
0.5 per cent. The value reported here, 4.51 0.02 
days, compares favorably with earlier published 
values"), ranging from 4.3 to 5.3 days, but it is 
possibly a little more accurate. 

The yields calculated for the two irradiations by 
comparison with the standardized sample of Sr®°-Y* 


lat8 


were: for the first irradiation 0.77 wc Ca*?/mg ¢ 
in 68 hr or 2.17 wc/mg at saturation, and for the 
second 0.15 wc/mg in 4 hr or 5.9 wc/mg at saturation. 
These values are probably accurate to +10 per cent. 
The higher yield in the second irradiation was due 
to a modification of the synchrotron design which 
led to a more intense beam. 

The irradiation of copper discs was used to calcu- 
late the integrated cross section for the production 
of in the manner described by Scuupr et al."®), 
This involves a direct comparison of the relative 
yields of Cu® and Ca*? and the use of the integrated 
cross section of Cu®. An NBS dosimeter was used 
to compare the integrated flux in the irradiations of 
copper and 
of 29 15 MeV-mbarn was obtained for the inte- 
grated cross section for the production of Ca*? from 
Ca** over the range 0 to 46 MeV. It is noteworthy 
that this is much smaller than the cross section for 


From these measurements a value 
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the Cu®(y,n) Cu® reaction which is 770 MeV-mbarn 
at this energy"). Also the observed cross section for 
the production of Ca‘? represents the sum of two 
processes, Ca**(y,n) and Ca**(y,p) the 


Acknowledgments—The interest of Dr. P. S. Baxer, 
Superintendent of the Isotopes Sales Department, 
Oak Ridge National Laboratory, in suggesting that 
this method of producing Ca*? be tried, is gratefully 


4.2000 
4.0000+ 
3.8000) 
3.6000 
3.4000 
3.2000 
3.0000 
2.8000 


2.6000 


280 320 360 400 440 480 520 560 


60 200 240 


80 120 
Time, hr 


Fic. 1. Net counting rate of Ca*’? through 278 mg/cm? of aluminum absorber. The 
solid line was calculated using the method of least squares. 


latter product although not listed in the isotope acknowledged. The authors also wish to express 


tables must decay to Ca*’ with a very short half-life. 

The long-lived activity, which remained in the 
sample 95 days after the irradiation, was assumed to 
be Ca® without any attempt at identifying it chem- 
ically or to characterizing its radiation since the total 
activity was quite small. The measured activity due 
to Ca® extrapolated to the end of the irradiation 
was estimated as 5.7 x 10-% per cent of the Ca*’ 
activity. Corrections for the absorption of the lower 
energy f-rays from Ca® bring the estimated Ca® 
content up to approximately 0.04 per cent. 

In order to obtain an activity ratio of 4 10+ 
for Ca*/Ca*’ in the irradiation, the ratio of produc- 
tion rates must have been about 1.2 10-*. Since 
the isotopic ratio of Ca**/Ca** in the irradiated 
material is given as <5 10-4, either the y,n and 
y,p cross sections for Ca** are much larger than those 
for Ca*’, or the Ca® is largely produced by the Ca** 
(y,3n) or (3,p2n) reactions. 

Thus it can be seen that, if the production of Ca*’ 
with a very low Ca® content is highly desirable, the 
use of synchrotron-produced X-rays to irradiate 
enriched Ca" is a feasible method of accomplishing 
the task. 


their gratitude to the synchrotron group, especially 
Dr. A. J. Bureau, for help with the irradiations. 
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An Improved Gallium-68 Cow* 
Received 19 May 1961 


Tue milking of 68 min Ga®’ from its 290 day Ge® 
parent has been suggested"? as a means of providing 
a ready supply of a short-lived positron emitter for 
use in brain-tumor localization by annihiscopy and 
other similar applications. The relative half-lives 
of the Ge®*—Ga*® pair make it possible to milk Ga** 
several times a day over a long period of time. Thus 
a supply of Ga®* can be available at all times at a 
very low cost per millicurie. 

Che short half-life of Ga®*® requires a rapid method 
of milking, for efficient utilization. The method 
should also give a clean separation from the parent 
Ge*®*, both in the interest of product purity and in 
the conservation of the expensive source material. 
It should be simple to perform in order to minimize 
the possibility of maloperation that might result in 
gross contamination of the product. 

The successful application at Brookhaven of the 
ion-exchange properties of chromatographic alumina 
in generators or “‘cows”’ for the routine milking of 
from and Tc®®™ from has led to 
the development of a method for the separation of 
68 


the Ga®* from Ge®* that satisfies the above criteria. 


The generator (Fig. 1) consists of a glass column 
25mm in diameter containing 10¢ of alumina 
Fisher Chromatographic Grade) held on a coarse 
fritted glass disc and retained at the top by a piece of 
filter cloth and a polyethylene split washer. The 
glass column is mounted in the interior of a plastic cy- 
linder to protect it against breakage. Before loading, 
the column is washed with water to remove the fines 
from the alumina, and then with a solution of 0.005 M 
EDTA (ethylenediamine tetra-acetic acid) the pH of 
which has been adjusted to 7 with dilute NaOH. 
The Ge® activity is placed on the column in a 
* This work was performed under the auspices of the 
U.S. Atomic Energy Commission. 


solution of the same composition, after which the 
column is washed with about 50 ml of the neutral 
EDTA solution. The activity may be loaded carrier- 
free or carried on a few milligrams of stable ger- 
manium. The generator is milked by pouring 25 ml 
of neutral 0.005 M EDTA solution into the column 
and allowing it to pass down through the alumina 
under its own head. This takes about 3-4 min. The 
Ge® is retained strongly by the alumina, probably 
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Fic. 1. Ga** generator. 


as an anion, while Ga® is removed as an EDTA 
complex. The yield is about 70 per cent of the Ga®* 
on the column, and the product is carrier-free. The 
Ge® contamination in the product solution is less 
than 3 10-4 per cent of the Ga® 
time of milking. Thus, | mc of Ga®*® would contain 


activity at the 


less than 0.003 nC of Ge®*®. Passage of over 251. of 


eluting solution through a column, equivalent to 
1000 milkings, did not result in an increase in the 
contamination level. Since alumina is resistant to 
radiation damage, there should be no deterioration 
in its ion-exchange properties over the period of time 
that a generator would be in use. The composition 
of the product solution as it leaves the generator is 
close to that suggested by GLEason for use in brain- 
tumor localization. ‘Thus, little handling of the 
product would be required for this application. 

The Brookhaven 
advantages over the solvent extraction milking 
method described by GLeason. It is rapid, but the 


generator offers several 


simplicity of its operation eliminates the need for fast 
manipulation on the part of the operator. It can be 
used by relatively inexperienced personnel, without 
the hazard of mechanical loss or contamination of the 
product by poor technique in the separation of the 
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liquid phases. The yield of Ga®* and its high radio- 
purity should be constant from milking to milking. 
Since the alumina is retained in the 
essentially dry condition, 
be 


generator in an 
there is no liquid that can 
spilled accidentally, with consequent loss of Ge®®, 
The generator can be handled quite roughly without 
danger of breakage or spillage. 


The Hot Laboratory, 
Brookhaven National Laboratory 


Upton, New York, U.S.A. 


M. W. Greene 
W. D. Tucker 
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The Determination of Copper by 
Radioactivation 


Received 20 May 1961 


Cu by radio- 


to 12-8hr Cu®™ was reported by several 


ALrHouGcu the determination of 


activation 


authors".?) it seems worthwhile to describe a 


the 


pro- 


cedure using extraction with neocuproin in 


chloroform’, 


Irradiation 


In the determination of trace impurities in cobalt- 
containing material an error is introduced due to the 


Taste |. Results of the 


63 
flux depression in the sample. The flux depression is 
mainly caused by the resonance absorption effects for 
One filter 
neutrons when the irradiation is performed under a 
shield of 1 mm thick 10 per cent Co—Al foil. How- 
ever, this thickness is not quite sufficient, 


epithermal neutrons. can out these 


and more 
Co would give a too high activity; therefore. a 
correction is still to be applied. A correction curve is 
obtained in the following way"), Incre asing amounts 
of Co metal are irradiated under the same 
for | minute in BR | at a flux of 8 


Aliquots are then counted and the 


shielding 
10" n.cm~ sec™!, 
specific activity 
vs. weight of the sample is plotted in 
The 


correction is applied to the Cu content in 


a graph. 
curve is extrapolated to zero weight and this 
the deter- 
minations. The Cu content was also determined by 
direct colorimetry with neo uproin. The results were 
found to be in good agreement with those of the 


activation analysis after correction for flux depression. 


Analytical procedure 


The sample is dissolved in a suitable way with 0-1 
mg Cu carrier. Cobalt is dissolved in HCl with a few 
HNO,. 
in a teflon beaker with conc. HF under drop by drop 
addition of fuming HN¢ ),. ‘This solution is evaporated 


drops of conc. The Ge samples are dissolved 


to about 5 ml and then diluted to 20 ml with distilled 
water. Ten ml of a 30 per cent Na-citrate and 5 ml of 
a 10 per cent NH,OH.HCI solution are now added 
and the resulting solution is ne utralized to pH 4-6 
with 6N NH, JH, using universal indicator 
e.g. Merck No. 9527 
a separatory 
10 ml 
reagent. The copper is completely extracted with 
two 10 ml portions of CHCl. The Cu activity can 


paper, 
rhe solution is transferred to 
the beaker is 


neo uproin 


funnel and rinsed with 


of a 0-1 per cent in ethanol 


Cu determination with neox uproin 


Sample weight 
mg 


Sample 


Co, 


Cu found 


5-2 


0-0264 
0-0248 


0-0405 
0-0458 


Correction factor for 
Cu content 
flux depression 


7 p.p.m. 
3-38 ‘9 p.p.m. 


op.p.m. 
36-6 p.p.m. 


96 
93 


p.p.b. 
p.p.b. 


111 
131 


p-p.b. 
p-p.b. 
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) 3 < p.p.m. 
é 40-2 24-2 1-27 
27 
Cog 3 228-1 
| 
6 152-9 1-145 
G 
265 
Gey 9 365-3 > 
10 350-3 


64 Technical notes 


be measured directly in this organic layer on the 
511 keV annihilation peak. 


Results 

Up to ten samples were treated simultaneously. 
Irradiation for | hour at 8 x 10" n.cm~*sec™! followed 
by a 10 hr cooling period proved always sufficient for 
the samples examined. Measurements were made in 
a 3in. 3in. well-type Nal (Tl) crystal, with a 
TMC 256 channel analyser. Results for various 
samples of pure Co and highly purified Ge are given 
in Table 1. Corrections for flux depression were 
applied for the Co samples as mentioned above. 
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Nomogramme pour lUtilisation 
des Radioisotopes 


(Received 20 May 1961) 


Le nomogramme que nous présentons permet de 
déterminer aisément l’activité A d’un radioélément 
de période JT (jours) dont il faut disposer pour 
pouvoir en prélever une activité a tous les r jours 
pendant n jours (Fig. 1 

Le nomogramme est basé sur la formule suivante: 

1 e(n+r—1)0 6938/7 
A et a sont exprimés avec les mémes unités. 

Les prélévements sont supposés étre faits tous les 
jours A la méme heure, les effets d’un éventuel 
décalage sur lhoraire prévu sont d’autant moins 
marqueés que le radioisotope a une période plus longue. 
Signalons, a titre d’exemple, que si tous les préléve- 
ments sont faits avec un retard de 6 heures sur 
Vhoraire prévu, l’activité A doit étre majorée de 11 


R 


Fic. 1. Aligner les valeurs fixées pour n + r — | et 
T (échelle de gauche) pour obtenir un point sur 
échelle N; reporter la valeur trouvée sur |’échelle 
N’; aligner les valeurs fixées pour r et T (échelle de 
droite) pour obtenir un point sur l’échelle R’; 
reporter la valeur trouvée sur |’échelle R’; aligner 
les points trouvés sur N’ et R’ pour trouver un 
point sur l’axe P; aligner le point trouvé sur P et 
la valeur fixée pour a pour obtenir un point sur 


l’échelle A. 


a4 
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pour cent si la période du radioélément est 40 heures 
et de 3,5 pour cent si la période du radioélément est 
5 jours. 

Ce nomogramme se simplifie lorsque T prend une 
valeur déterminée. Nous avons établi ce nomo- 
gramme pour différents isotopes fréquemment 
utilisés pour des applications médicales tels l’or-198. 
liode-131, le phosphore-32 (Fig. 2). 

Pour disposer de 10 microcuries de baryum-140 (12.8 
jours) tous les 2 jours pendant 25 jours, il faut disposer 
d’une source de 300 microcuries. 

Pour disposer de 100 microcuries d’iode-131 tous les 3 
jours pendant 16 jours, il faut disposer d’une source de 
1,5 millicurie. 


Centre d’ Etude R. Strennon-Bovy 
de l’ Energie Nucléaire G. GELADI 
Mol-Donk, Belgium 
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Fic. 2(a-c). (Au, ps2), 
Aligner les valeurs fixées pour n et r pour obtenir 


TT 


un point sur l’échelle N; reporter la valeur 
trouvée sur l’échelle N’; aligner le point trouvé 
sur N’ et la valeur fixée pour a pour obtenir un 
Fic. 2(b). point sur I’échelle A. 
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Liquid Scintillation Counting of Nickel-63 
(Re ceived 14 August 1961 


Due to its convenient half-life, 80 year Ni®™ has found 
general application in chemical, biological, and 
metallurgical tracer studies. As the highest energy 
radiation associated with this nuclide is a 63 ke\ 
B-ray, difficulty is encountered in counting techniques 
requiring solid or gas sources. Self-absorption 
severely depresses the efficiency of solid samples and 
renders difficult the interpretation of counting data. 
Gases, such as nickel carbonyl, present difficult prob- 
lems of handling and system decontamination. 

Liquid scintillation systems based on gels, ether, 
and toluene solvents were investigated. A _ nickel 
complex of n- aproi acid, CH, CH, gC IOH, 
dissolved in a solution of toluene containing 1,4- 
bis[2-(5-phenyloxazoly]) ]-benzene (POPOP) and 2,5- 
diphenyloxazole (PPO) was found to be preferable 
with respect to reproducibility, ease of preparation, 
and interpretation. The addition of a small quantity 
of ethyl alcohol produces a slight loss of efficiency but 
stabilizes the solution in the presence of residual 
water. 

To prepare the sample for counting the following 
procedure is employed: 


1) Add to an acidified solution containing Ni(II 
sufficient NaOH to precipitate Ni(OH) 9. 

Wash the precipitate once with 10 ml H,O and 
then twice with 10 ml portions of ethyl alcohol. 
3) Add 1 ml of n-caproic acid, to dissolve the pre- 


~ 


cipitate. 

4) Add 2 ml of absolute ethyl alcohol and 20 ml of a 
solution consisting of 4g PPO and 0.10¢ 
POPOP dissolved in 11. of scintillation grade 
toluene. 


Evaluation of system 
The concentration of stable nickel and n-caproic 
acid in the sample influences the counting efficiency, 


Tasie 1. Count rate for various amounts of nickel and 
n-caproic acid 


Nickel (mg n-Caproic acid Count rate 


ml) ‘10* counts/min 

5.0 1.0 6.22 

10.0 1.0 5.46 

15.0 1.0 4.98 
20.0 1.0 4.42 
30.0 1.0 3.50 

10.0 2.0 4.37 

10.0 3.0 3.86 

10.0 4.0 3.14 
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necessitating an efficiency calibration curve. Table | 
illustrates these effects. 

Count-rate increases with decreasing temperature. 
In practice all samples are cooled to 0°C before 
counting. The addition of 0.05 ml of water does not 
produce a statisticallysignificant change incount rate. 

The efficiency of the system was determined on a 
Technical Measurement Corporation liquid scintilla- 
tion counter with a standard of known activity 
provided by the Isotopes Division of Oak Ridge 
National Laboratory. The absolute disintegration 
rate was also calculated from single channel and 
coincidence count-rates. On the basis of the calcu- 
lated disintegration rate a 10 mg nickel sample has 
a counting efficiency of 28.5 per cent. 


C. E. Guerr* 
Bettis Atomic Power Laboratory J. Dumor 


Pittsburgh 30, Pennsylvania, U.S.A. 


* Present address: Tracerlab Inc., Richmond 3, Calif., 


U.S.A. 


The Preparation of Carrier-Free Silver-111 
Received 7 September 1961) 


St_ver-111 is produced by the irradiation of pallad- 
ium with neutrons or deuterons and the isolation of 
the isotope involves the separation of trace amounts 
of silver from a relatively large quantity of palladium. 
Haymond and his co-workers“ have prepared 
carrier-free radioisotopes of silver from deuteron 
bombarded palladium by co-precipitation of silver 
on mercurous nitrate. However this method is rather 
tedious and in our experience gives yields of less than 
50 per cent. 

We have developed an ion exchange procedure by 
means of which a radiochemically pure, carrier-free 
solution of silver-111 may be prepared from neutron 
irradiated palladium in about two hours. 

In strong solutions of hydrochloric acid palladium 
forms a complex chloride which is strongly adsorbed 
on a basic anion exchange resin, the corresponding 
complex silver chloride is very poorly adsorbed by the 
resin’, thus silver can be readily separated from 
palladium by means of a suitable ion exchange resin, 

Palladium metal (0-1 g), after irradiation for 4 to 
6 days in a neutron flux of 10! n/cm?/sec™, is dis- 
solved in aqua regia and the resulting solution is 
evaporated to dryness. After heating to drive off the 
remaining traces of nitric acid, the residue is dissolved 
in a small volume of 10 M hydrochloric acid and 
placed on a column, dia. | cm, length 25 cm, of 


ore : 
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the anion exchange resin Deacidite FF. (Permutit 
Company Ltd.) The silver-111 is then washed off the 
column with 50 ml of 10 M hydrochloric acid. The 
hydrochloric acid solution is evaporated to dryness 
and the residue dissolved in dilute nitric acid. 

The final solution contains about 75 per cent of the 
radioactivity of the original palladium solution, 
measurement of the half-life and gamma-ray spec- 
trum shows that the radioactivity is due to silver-111 
only. Specific spot tests have failed to demonstrate 
the presence of palladium in the final solution. 
Acknowledgment—The author wishes to thank Mr. O. 
Vrrez for assistance with some of the experimental 
work. 

D. M. Taytor 
Department of Physics 
Institute of Cancer Research 
Royal Cancer Hospital 
London. S.W.3 
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Capillary Tube Technique for Small 
Liquid Biological Samples 


(Received 11 September 1961) 


IN experiments with small animals such as thyroid 
function test with I-131 or gastrointestinal absorption 
of I'*!-labelled serum albumin in rats, 
the quantity of blood obtainable is insufficient for 
accurate measurement, 


sometimes 


pipettes to be used for 
especially when frequent blood samples are required. 
The authors have overcome this difficulty by using a 
capillary tube method. 

The sample was directly taken from the source, 
such as blood from a cut tail, by a heparinized capil- 
lary tube. Then one end of the capillary tube was 
sealed in ordinary flame and it was packed inside an 
ordinary centrifuge tube and centrifuged. After 
centrifuging, desired lengths of sample can be used 
after breaking at suitable points. The specimen can 
be forced out by attaching a capillary Polythene at 
one end. The exact volume of the specimen can be 
found, if required, by measuring the inner diameter 
and the length of the tubing with a travelling micro- 


scope or by comparing the weights and using the 
known density of the specimen. The latter process is 
more accurate as it eliminates errors arising from the 
adherence of a layer of sample on the inner wall of the 
capillary tube after the sample is forced out (this 
fraction is important as the total quantity of sample is 
small). It is more advantageous to use siliconized 
capillary tubes. As the amount of specimen in each 
sample is very small, higher doses of tracer isotope are 
more convenient for counting. However, the authors 
have found an antics incidence arrangement with a 
gas-flow counter to provide sufficient accuracy at the 
low activity levels required. 

We have used the method in thyroid function 
tests of white albino rats using a human equivalent 
dose of carrier-free NaI-131. The experiment was 
performed on a batch of 16 normal male white albino 
rats of the same strain and age. The method based on 
conversion ratio was adopted”), (i.e., determination 
of percentage of the radioactivity in protein-bound 
form with respect to total activity in the plasma after 
24 hours of the administration of the isotope). A dose 
of 0-04 we of NaI-131 was administered intraperi- 
toneally to each rat of about 70 g body weight. 

Twenty-four hours after injection, blood samples 
were collected in an ordinary heparinized tube for the 
usual method of preparation of samples by using a 
pipette and the conversion ratio was determined in 
the usual manner. 

For comparison each blood sample was also 
directly collected by capillary tube. Then the blood 
sample in the capillary tube was centrifuged in the 


Values of conversion ratio at 24th hour for 


different methods 


Taste 


Values of conversion ratio 


Ratio No. Using pipette Using capillary 
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manner described. Two equal lengths of plasma 
were taken after centrifuging. Plasma from one piece 
was forced by capillary Polythene tube onto an 
aluminium planchette (Type PW 4133 of Phillips 
Ltd.), one drop of carrier NaI solution was added and 
the whole was dried under a heat lamp. Thus plasma 
samples were prepared. Plasma from the other piece 
of capillary tube was forced onto a similar aluminium 
planchet in which a few drops of 10 per cent trichloro- 


acetic acid solution was already placed. The preci- 
pitate formed was allowed to settle down and the 
The 


precipitate was washed twice with the same solution 


excess fluid was wiped out with filter paper. 


of trichloroacetic acid and each time the excess liquid 
was absorbed with filter paper, taking care that no 
portion of the precipitate was lost. Finally the 
precipitate was dissolved in a drop of NaOH solution. 
One drop of carrier NaI solution was added and then 
the sample was dried under a heat lamp to give de- 
sired PBI sample. Samples were counted with the 
anticoincidence gas-flow counter mentioned above. 


The values of conversion ratio (ratio of PBI count 


and plasma count multiplied by 100) obtained for 
different rats are shown in the Table 1. Results 
obtained by using ordinary pipette and by using 
capillary tubes are also shown. 

The favourable agreement between the two sets of 
results indicates that this capillary tube method can 
be applied whenever required and gives results of the 
same order of accuracy as those of other methods. 
Acknowledgment—The authors thank Pro- 
ressoR B. D. Nac Cuaupnuri, Director, Saha 
Institute of Nuclear Physics, for his continued interest 


w ish to 


and valuable discussions. 
S. R. Basu 
Saha Institute of Nuclear Physics F. Hosain 


Calcutta, India 
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Leak Detection Using Kr*® 
Received 10 May 1961 


SomME aspects of the use of Kr® for detec ting leaks in 
hermetically sealed components have recently been 
described by Cassen and Burnnam™), This method 
has been under investigation at Wantage Research 
Laboratory over the past 2 years'?) and some addition- 
al quantitative information is summarized below. 

An apparatus similar in prin iple to that described 
by Cassen was used), Pressures up to 100 lb/in? 
are achieved by transferring the Kr from a 41. 
reservoir to a 0-51. pressure vessel. Transfer is 
accomplished by means of a charcoal trap onto which 
the gas is first frozen with liquid nitrogen and then 
boiled off using a small furnace. appropriate taps 
being manipulated to direct the flow of gas. 

The detection efficiency for Kr®™ forced into a 
component depends on the dimensions and material 
of the component, and a large proportion of the 
radiation is Bremsstrahlung™. With an average 
detection efficiency of about | per cent, a leak rate 
of 10~!° standard ml/sec into the encapsulation at the 
test pressure will give a count of 5 per sec after | hr 
in maximum specific activity gas (50 mc/standard ml). 
This is readily detectable above the background 
(in a 10 cm Pb shield) of 6 counts/sec in a monitoring 
time of 10 sec. 

From the leak rate determined at the test pressure, 
the leak rate at other pressures (e.g. operating 
conditions) can be predicted theoretically. It has 
been found that, on increasing the test pressure 
differential from 3 to 6 atm, the amount of gas forced 
in was increased by a factor of 3 for units leaking at 
between 10~* and 10-8 standard ml/sec, so that for 
these leak rates the mode of flow is between viscous 
and molecular. 

Our experience of ambiguity, arising in interpreta- 
tion of leak rates from counting rates at very high 
and very low leak rates, differs from the work 
reported. For high leak rates we have calculated 
that the residual partial pressure of Kr* inside 
encapsulations of volume 0-1 ml is only seriously 
reduced by evacuation for 10 min if the leak rate 
exceeds 10~* standard ml/sec (1 lusec) at the test 
pressure. A leak of this magnitude in a transistor 
encapsulation will reveal itself after a short exposure 
to a humid atmosphere by a change in electrical 
characteristics. 

Surface contamination of the encapsulating ma- 
69 
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terial can be a serious problem when very small 


leaks are to be ¢ ompared, as it is generally found that 
contamination of typical semiconductor enc apsula- 
tions gives a count rate equal to that from a leak of 
10~" standard ml/sec. when measured about | hr 
after the soak. Contamination decreases rapidly in 
the first hour or so but then falls exponentially with 
a halving period between | and 2? days. 

Efforts to minimize the contamination by pre- 
soaking in inactive Kr and to accelerate the rate of 
decay by heating to 50°C, blowing hot or cold air 
and pumping, were unsuccessful. 

For a rapid estimate of leak rates of less than 
10-1” standard ml/sec, the B-activity from surface 
contamination must be measured and allowed for. 
As surface contamination is often localized, a 4 
counter is desirable. We use a well-type plastic 
phosphor with an efficiency of 25 per cent for £- 
particles from the surface and only 0-05 per cent for 
internal activity. 

An alternative method of using Kr® for leak 
detection, which is better for small numbers of large 
thick-walled components, is to insert a small quantity 
of the gas into the component before sealing. It is 
then placed into a chamber which is first evac uated, 
then isolated and any gas escaping from the com- 
ponent is pumped into a small volume detector. 

The radioactive gas has the advantage over other 
tracers that its presence and internal pressure inside 
the component can be ascertained before the leak 
test is carried out, so that the answer is unambiguous. 

Leaks of 10-7 standard ml/sec in reactor fuel 
elements containing only 30 wc of Kr® are detected 
in 2 min"), 

P. F. Berry 
Wantage Research Laboratory J. F. Cameron 
Wantage 
Berks. 
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book reviews 


of Processes 
Transfer and 


Bioenergetics, Considerations 
of Absorption, Stabilization, 
Utilization. (Proceedings of a symposium held 
at Brookhaven National Laboratory, October 
12-16, 1959.) Edited by Leroy G. AUGENSTINE. 


\cademic Press Inc., 1960, 685 pp., $10. 


Tue scope of bioenergetics has been described as the 
interaction of all forms of energy with living systems 
and the means by which this energy is transferred and 
This book 
constitutes the proceedings of a symposium, sponsored 
by the United States 
with the object of collating existing knowledge in this 
field 
trends of future research. 


changed from one form to another. 


Atomic Energy Commission, 


embryoni as well as providing some insight 
into the 


The 


while discursive articles of a review nature formally 


result is a series (40) of extremely worth- 

grouped into five sessions which are entitled; Presen- 

tation of Energ) 

production and stability of primary intermediates ; 
lity and 


/ migration of 
thr ugh 


fortunate 


biological proble ms: absorption or 

Storage, 
utilization 
It is 
informative 


ener 2) Energy 


coupled systems; Effects of ionizing radiation. 


that the often lively and 
discussion on each paper has also been included. 

The symposium is somewhat (but not exclusively 
oriented towards an understanding of the effects of 
and 


systems. Several contributions, however, particularly 


ionizing radiation in biological materials 
those in the penultimate session are concerned with 
photosynthesis, bioluminescence, photochemistry and 
mitochondrial electron-transport systems. The con- 
tributions by A. Szent-Gyérgyi (Submolecular bi- 


and B. A. 


energy-rich 


Electronic structure of 
the 


structure and biological function 


ology Pullman 


phosphates) on possible relation 
be tween elec tron 
stimulating and touch on issues of funda- 


are very 


mental importance. Apart from minor errors and 
the occasional overlap in subject matter, the editor 
and contributors are to be congratulated on a most 
useful survey of many aspects of this most important 
subject. 


P. T. GRANT 


Encyclopaedic Dictionary of Physics. Edited by 
Jj. Tuewus, D. J. Hucues, A. R. MeetHam and 


R. C. Grass. 7 Vols. + Glossary of foreign terms. 
Pergamon Press, 1961-1962, £98 ($298). 
Vol. l. Ato Compe nsated Bars, 800 pp., 1961. 


Tuts ambitious undertaking aims, in the words of the 


70 


publishers, ‘to put the whole of physical knowledge 
on the bookshelf.’ As Vol. | appears, the remainder 
of seven volumes are in active preparation and 
completion is expected during 1962. 

No work of this magnitude on the subject of physics 
has appeared since 1922-3 when Sir Richard Glaze- 
brook published his Dictionary of Applied Physics and 
with the Dictionary is 
Indeed the Editor-in-chief in his foreword 
drawsattention to some of the differences in approach. 
The principal difference is that whilst Glazebrook’s 


some ¢ omparison earlier 


inevitable. 


Dictionary was divided as far as possible into subject 
volumes for the convenience of the specialist, the new 
one presents the subject of Physics as a whole in a 
purely alphabetical arrangement. To the reader of 
an early volume this presents the tantalizing prospect 
of an excellent system of cross-references to related 
topics in volumes as yet unpublished, so that it is 
difficult to assess the merit of the whole except by 
extrapolation. The ultimate inconvenience of having 
to refer to several volumes in covering a particular 
branch of the subject is more than outweighed by the 
ease of reference to specific topics. Moreover the 
alphabetical arrangement lends itself also to the 
juxtaposition of articles showing different aspects of 
the same terms and helps to avoid the need for 
repetition. 

In the preparation of this volume alone, the editors 
have drawn on the assistance of 444 authors, all 
experienced in their particular field and many of 
them world authorities. Separate (signed) articles 
range in length from 20 words for the definition of a 
term to 2,000 or occasionally more for full treatment 
of a topic. Detailed treatment has been preserved by 
subdividing broad topics into separate articles: for 
example there are 10 articles on calorimetry, 5 on 
calorimeters and 3 on calorific value. When many of 
these are by different authors, some overlapping is 
inevitable, but it has been reduced to a minimum, so 
that these 18 articles, and others like them, can be 
read as a treatise on the subject. 

An enormous wealth of scientific discovery has 
followed the publication of Glazebrook’s Dictionary, 
so that a new one is indeed welcome. By the same 
token the present editors find no dearth of subject 
material, having for example the whole fields of 
electronics, nuclear physics and most of radioactivity. 
Nevertheless the treatment is spread over a very 
broad front, not only within the generally accepted 
boundaries of pure and applied physics, but extending 


well into such related domains as mathematics, 
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Book reviews 


biophysics and physical chemistry. Thus from 
‘Chemical Analysis’ to ‘Chemistry’ occupies 38 pages, 
a total of some 28,000 words, and could be equated to 
a small monograph on Chemistry, apart from sizeable 
contributions on chemical Actinide 
found elsewhere. 


topics (e.g. 
elements 

The level of presentation is high and necessarily 
formal for the sake of brevity, but authors and editors 


alike are to be complimented on the avoidance of 


specialist jargon except in some of the shorter contri- 
butions, so that the practising scientist can easily 
follow articles outside his own speciality. Considering 
the number of authors and the diversity of their 
disciplines the style is also fairly uniform. 

Each of the longer articles is followed by a short 
bibliography, adequate to introduce the reader to 
more detailed literature: again the presentation is 
commendably uniform, with very few exceptions. 

The text is liberally illustrated with very readable 
line diagrams and in some instances with photographs. 
Considering that the latter are interspersed in the text 
and not on separate pages, the level of half-tone 
reproduction is surprisingly high, as may be judged 
especially from an article on ‘Clouds’. 


The reader is enjoined on every other page to ‘see 
index for terms not found in this volume’. In fact 


omissions are hard to find, even in the article head- 
ings. Specialists in radio propagation may find the 
descriptions of some special aerial types disappoint- 


ingly brief and electronics enthusiasts may note the 
discrepancy in detail accorded to ‘Coincidence’ as 
opposed to ‘Anti-coincidence circuits’, but on the 
whole the coverage of details is phenomenal, especially 
that related to the physics of radioac tivity. 

Volume 1, consisting of 800 pages, contains about 
600,000 words, the length of 5 or 6 average text- 
books. If other volumes are of comparable size, the 
whole work will be from 4 to 5 million words in length. 
This is evidently no “handy reference book” and may 
seldom be found on private book-shelves. But if the 
standard of Volume | is maintained throughout. and 
few will doubt that it will be. the Encyclopaedic 
Dictionary represents a major contribution to the 


annals of Physics and will be acclaimed bv the 


libraries of both professional and academic institu- 
tions. 


J. L. Purman 
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ERRATA 


Mesure absolue de l’activité des radionuclides par la méthode des coincidences béta- 


gamma a l’aide de détecteurs de grande efficacité. Etude des coincidences instrumentales. Jnt. J. 


appl. Rad. Isotopes W1, 75 (1961 


Page 


Page 


Page 


Page 


80, 1 ére colonne, ligne 19 


83, 1 ére colonne, ligne 8 et suivantes 


» 87, 2 éme colonne, ligne 2 


> 89, 


) 


éme colonne, ligne 31 et suivantes 


au lieu de «1 


et qui, par suite, ont une probabilité 
négligeable de donner lieu a des coincidences 
instrumentales d’un autre type que les coinci- 


dences “‘virtuelles’’. 


= f(d) au lieu de N,’/N, = 
Avant d’en terminer avec les résultats expéri- 
mentaux, nous voudrions faire une remarque au 
sujet de la courbure observée sur les Figs. 5 et 
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The expected operating characteristics of two Sr®—Y® irradiators designed for radiation 
chemistry studies of liquids and gases are discussed. Dose rates exceeding 1 x 10° rads/hr 
can be achieved in water and air with a sealed, 200 c SrTiO, source. Routine laboratory use 
of Sr*’-Y* irradiators is believed to be feasible and their use should receive more attention. 


DES SOURCES BETA A Sr®-y® POUR DES ETUDES DE LA CHIMIE 
DU RAYONNEMENT 
On discute les caractéristiques attendues du fonctionnement de deux irradiateurs a Sr9°-Y% 
destinés a l’étude de la chimie du rayonnement des liquides et des gaz. Avec une source scélée 
de SrTiO, de 200c. on peut atteindre des taux de dose dépassant | 10° rads/h. On croit que 
l'emploi régulier des irradiateurs 4 Sr®-Y® dans le laboratoire serait faisable, aussi leur 
utilisation mérite une plus grande attention. 


HCCAEJIOBAHHA 


padowne XapakrepucTHku Sr®°-Y, npequasnayen 
HBIX JIA AH AKOCTeM Mouwocru, npessi- 
SrTiO; 6200 Hsayuarean Sr®°-Y*% aaGoparop- 


BETA QUELLEN FUR STRAHLUNGSCHEMISCHE 
UNTERSUCHUNGEN 


Die erwarteten operativen Kennzeichen von zwei Sr®°-Y® Bestrahlern welche zum strah- 


lungschemischen Studium von Flussigkeiten und Gasen entworfen waren. werden erortert. 
Eine Dosisleistung von mehr als | 10® rads/Stunde mittels einer eingehulsten 200c Sr Tit ds 


Strahlungsquelle kann in Wasser und Luft erreicht werden. 
Es scheint dass regelmassiger Laborgebrauch von Sr9°-Y® Bestrahlern vollkommen moglich 
ist und dies sollte in Zukunft mehr beachtet werden. 


INTRODUCTION 
Durinc the last few years there has been mation exists today. An important first step 
considerable interest in the application of toward improving this situation is to use 
large #-sources for radiation processing. Two small -sources in laboratory radiation 
factors, undeveloped source technology and chemistry studies. The purpose of this paper 
lack of operating experience, make a sound _ is to discuss the design and expected operating 
appraisal of this application very difficult. performance of a small Sr®—Y™ irradiation 
This is in marked contrast to machine and source. 

y-sources on which a good supply of infor- 


SOURCE SELECTION 


A practical f-source for laboratory radia- dose rates greater than 10° rads/hr and be 
tion chemistry studies must be safe, provide reasonably priced. The only safe way to 
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operate a f-source is to encapsulate it. 
Encapsulation, of course, reduces source 
efficiency. A thin-walled capsule is therefore 
necessary. A Sr®-Y*” source has several 
advantages in an application of this type, and 
so this §-emitter was selected for analysis. It 
is believed that a modest developmental 
effort on encapsulation techniques will prove 
that a sealed Sr®—-Y™ source is both a safe 
and relatively inexpensive laboratory tool. 


Strontium-90, with a half-life of 28 years, is 


available from Oak Ridge” in the form of 


powdered or sintered pellets of SrTiQ,. 
Pellet density is about 5 g/cm* and the specific 


activity is 40 c/g. SrTiO, melts at 1670°C, is 
chemically inert, and is insoluble in water. 
Sr”, and Y® in secular equilibrium with it, 
are pure f-emitters with f-energies of 0.61 
and 2.2 MeV, respectively. The average /- 
particle emitted by Y® has an energy of 
0.9 MeV®, Sr® in the form of SrTiO, 
pellets can be purchased in amounts of 500c or 
less from Oak Ridge for $10/curie. In the 
irradiator designs discussed below, the source 
is covered on one side with 10 mils of stainless 
steel. ‘This wall stops all the Sr® betas but 
allows most of the Y® betas to pass 
through. 


IRRADIATOR DESIGN 


Two irradiation vessels, each containing 


an encapsulated 200 c 5g sintered pellet of 


SrTiO,, are shown in Fig. 1. Each source 
rests in a metal cup which is sealed at the top 


= 


Fic. 1. Irradiator design. 


Liquid; (b) Gas; SrTiO, source in black. 


with a 10 mil thick sheet of stainless steel. 
This thin sheet is bonded or brazed to the 
cup to form a seal. The sources are 1 in. x 2 
mm thick. The range of Y” betas in SrTiO, 
is2mm. A sintered pellet was chosen instead 
of powder because the former is less readily 
dispersed in case of accidental puncture of 
the 10 mil cover or leakage of the seal. A 
2 mm thick pellet is probably close to the 
minimum size which can be conveniently 
fabricated by pressing and sintering methods. 
A one-piece source is not essential. A cluster 
of smaller diameter pellets in the cup will 
serve the purpose equally well. 

Liquids are irradiated in the small vessel 
and gases in the large vessel. ‘The small vessel 
is | cm thick which is the maximum range of 
the Y” betas in water. A 4 in. vessel is used 
with gaseous systems partially to compensate 
for the much lower stopping power of /-par- 
ticles in gases. Longer vessels will increase 
the energy utilization with gases, but there is 
no improvement in the dose rate (rads/hr) 
averaged over the vessel volume. Each vessel 
is equipped with side arms to allow irradiation 
of circulating liquids or gases. Both vessels 
are small and can conveniently be heated 
externally for temperature studies. Glass or 
metal construction is suitable for the vessel 
unless the vessel is required to provide rugged 
secondary containment in case of source 
leakage. A metal vessel is preferred. 
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The chief item of interest is the dose rate 
delivered to liquids and gases in the two 
irradiation vessels. Exact dose rates cannot be 
calculated from present theory but approxi- 
mate values, adequate for our purpose here, 
can be estimated by making some simplifying 
assumptions. Beta decay of Y™ is a first 
forbidden transition. The theoretical 
spectrum, corrected by the usual shape 
factors for a first forbidden transition", is 
presented in Fig. 2. F(E) is the number of 
8-particles with energy E/MeV. A convenient 
approach in the calculation of dose rates 
is to divide the Y® source into a series 
of monoenergetic electron sources each 
weighted by the distribution function, F(£), 
given in Fig. 2. Each electron is assumed to 
travel in a straight-line path in the source. 
Scattering along the electron path is neg- 
lected. Less than 3 per cent of the source 
activity is located within 2 mm of the source 
circumference, so edge effects can be neglected 
in the following analysis. 

Consider a uniform distribution of electron 
sources emitting electrons with an initial 
energy of £, in a thin long slab having a 
thickness, R, equal to the electron range and 
an area A. The number of electrons, n, 
escaping one side of this slab per second (Fig. 
3a) is 


zr 
COS = 


n : ICA | sin 6 dx = }CAR 
0 


(1) 


0.8 


F(E) 


A. 4 


0 0.5 1.0 5 2.0 25 


E nergy, Mev 


Fic. 2. 8-spectrum. Area under curve equals unity. 


Sr®-Y% beta sources for radiation chemistry studies 


SOURCE CHARACTERISTICS 


where C is the number of electrons generated 
per cubic centimetre of slab per second. A 
similar argument gives the total energy 
escaping from this slab once a range—en rgy 
relationship is specified. Based on the Bethe 
equation for electron energy loss, the follow- 
ing equation is assumed to apply along the 
path of the electron in the slab: 


k 
dL 
Integration of equation (2) and the condition 
E = 0 when L = R gives 
E* — E? = 2kL 
E,? = —2kR 3 


E l 
This last equation gives the energy carried 
out of the slab by an electron after it has 
travelled a distance L in the slab. For this 
same slab, the total energy, e, escaping from 
one side is 


zr 
earc — eR x 


R 
20 


sin d9 dx =jE,CAR. (4 


The result in equation (4) is not very sensitive 
to the assumed range energy relationship. 
For example, if dE/dL is assumed to be con- 
stant over the entire path of the electron, the 
coefficient in equation (4) is } instead of }. 

Equations (1) and (4), and the #-spectrum in 
Fig. 2 can be used to calculate N, the number 
of Y® betas, and £,,,, the total energy escap- 
ing from the SrTiO, source. Corrections 
must be applied for back-scattering in the 
source and absorption in the stainless steel. 
Consider, first, a bare source with no back- 
scattering. The number of betas with initial 
energy between E and E + dE, range R, 
escaping this bare source is }CARF(E) dE. 
Similarly, the total energy is }ECAREF(E)dE 
where £ is the energy of the average beta in 
an infinitely thin Y® source (0.9 MeV). 
These two relationships apply only when the 
source thickness is equal to or greater than 
the range of the maximum Y £-particle. 
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Fic. 3. Source and vessel geometries. 


a) Thin slab; (b) Gas vessel. 


Using the equation E* = 2kR, we have 
* Emax 
y = C4 F(E) dE (5 


ECA * Emax 
16k Jo 


Evot E* F(E) dE (6 
where is the maximum f-energy. Inte- 
gration of these two equations is carried out by 
numerical methods. The calculation of & is 
carried out from the range—energy relation- 
ship for aluminum“) and is assumed to apply 
to the SrTiO, source. The value of & is 12.5 
cm MeV~-?. Integration of equations (5) and 
6) give, for the 200c source, 3.1 101 
electrons/sec and 2.6 « 10! MeV/sec. The 
average electron leaving the bare source has, 
therefore, an energy of 0.84 MeV which is 
only slightly smaller than 0.9 MeV, the 
energy of the average Y® f-particle. This 
result suggests that the shape of the #-spec- 
trum (Fig. 2) is not changed very much by 
absorption in the source. Previous work‘ 
shows that the /-spectrum of P** is perturbed 
only slightly by moderate thicknesses of 


various absorbers. Although perturbation of 
the f-spectrum certainly does occur in the 
absorption process, neglecting this effect in 
the SrTiO, source appears justified for the 
calculations of interest here. Perturbation of 
the f-spectrum is also ignored in the calcula- 
tions of backscattering and absorption in 
stainless steel given below. 

Backscattering in the source and absorp- 
tion in the stainless steel will now be consid- 
ered. For aluminum the mass absorption 
coefficient), u/d, of a f-emitter with maxi- 
mum energy £ is 
M 17 cm?/g 

d 
and this is assumed to apply for stainless steel 
also. The linear absorption coefficient is 
41.2cm~! for Y® betas in stainless steel. 
Assuming a simple exponential absorption, 
about 35 per cent of the Y® f-particles is 
transmitted through 10 mils of stainless steel. 
The absorption factor, f,, is then 0.35. The 
average atomic number of SrTiO, is 26. 
Saturation backscattering applies because 
the source thickness exceeds 20 per cent of the 
#-particle range. The estimated back- 
scattering factor, fp, is 1.35'©. Equations (5) 
and (6) are multiplied by /, f, to correct the 
calculated values of N and E,,, for back- 
scattering, and absorption in the stainless 
steel. The corrected value of E,,, is 1.2 10" 
MeV/sec. Source efficiency is as follows: 
Efficiency 
1.2 10" MeV/sec 
3.7 x 10" x 0.9 MeV/sec 


Accordingly, 1.7 per cent of the Y” f-energy 
generated in the 200 c source escapes through 
the 10 mil wall. 

The dose rates delivered to two typical 
systems, water and air, will not be estimated. 
For the liquid irradiator (Fig. la) the total £- 
energy escaping the source, 1.2 x 10" MeV/ 
sec, is absorbed in 5 cm? of water, the volume 
of the 1 cm thick irradiation vessel. 


500 0.017. 


Dose rate 
1.2 x 10" 1.6 

Ig 

rads/hr. 


10° 


10-1? 3600 ergs/hr 
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Fic. 4. Electron stopping power in air. 


This value is the dose rate averaged over the 
volume of the vessel. Dose rate decreases 
rapidly with distance from the source. 
Reliable methods of calculating dose rate as 
a function of distance are not available. 
The average dose rate can be increased to 
possibly 107 rads/hr by reducing the thick- 
ness of the vessel. 

Estimating the dose rate in the gas irradi- 
ator (Fig. lb) is much more difficult. The 
important factors in this calculation are the 
electron energy spectrum, the stopping power 
in air, and the average path length of an 
electron in the irradiation vessel. Examina- 
tion of Fig. 4 shows that the energy absorbed 
in air, or other gases, is sensitive to the number 
of low-energy electrons escaping the source. 
Earlier in this paper the energy spectrum 
of betas leaving the source was assumed to be 
similar to that for an infinitely thin Y source. 
This assumption is not a good one for the dose- 
rate calculation and so only a rough approxi- 
mation can be made for the dose rate in the 
air-filled vessel. Referring to Fig. 3, a typical 
beta leaves the source at O and travels a dis- 
tance OQ, path length L, before terminating 
in the vessel wall. It is assumed that betas 
leave the source with equal probability in all 
directions. The average path length, L, in the 
vessel is 
dw 
L (7) 
| dw | dw 
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where L, and L, are path lengths terminating 
in the curved surface and vessel top, respec- 
tively. The incremental solid angle, dw, 
is subtended at O by path length OQ. The 
vessel has a height H and a radius a. The 
point O is located at a distance r from the 
center of the source and S is the projection of 
OQ on the source. For the curved surface 

| L, dw cosec sin 6 d6 dd 
0 


arc tan H 


— s| (2 — arc | dd. (8) 


Similarly, for path lengths terminating in 
the top of the vessel 


27 /arc tan 
L, dw cosec 6 sin 6 d0 dd 
6 


4’tan 6 dO dé 


In [ dd (9) 


= 


with integrands in equations (8) and (9) 
subject to the condition 


=r? + S$? — 218 cos ¢. (10) 


Substitution of equations (8) and (9) in equa- 
tion (7) gives 


L [sla arc tan( | dd 


(i) | dé. (11) 


Equation (11) can be integrated by numerical 
methods. For our purpose here, it will be 
sufficient to consider only two positions of O 
on the source, since the contribution which 
points distance r from the center make to L 
obviously increases rapidly with increasing r. 
These positions are 


r=a; S =2acos¢. 
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When r equation (11) reduces to the 


following simple form: 


9 
L a are tan( 
9 
9 In (12 
For § = 2 acos ¢, equation (11) is simplified 


but numerical integration is still required. 
Integration of equations (11) and (12) give 
for the 1 in. x 4 in. vessel average path 
lengths of 1.9 and 2.5 cm for betas originating 
from the center and a point on the edge of the 
source, respectively. From these considera- 
tions, a value of 2.3 cm will be assumed for L, 

the path length averaged over all positions 
on the source. 

One estimate of the f-energy absorbed in 
air is based on the energy loss AE of the 
average f-particle which leaves the source 
and travels a distance of 2.3 cm in the vessel. 
As given earlier, the energy of the average 
beta is 0.84 MeV. The energy loss is then 


AE (13 
dx ue 


where dE/dx is the stopping power of an 0.84 
MeV electron in air. From Fig. 4, the stop- 
ping power is about 1.3 10- MeV/cm. 
The volume of the vessel is 51 cm* and con- 
tains 5 x 10-*¢g of air at 1 atm. The total 
number of betas escaping the source, cor- 
rected for backscattering and absorption, is 
1.4 x 10" electrons/sec. For the total 
number of betas escaping the source the 
energy loss is 


AE 1.3 x 10-3 x 2.3 1.4 x 10" 
0.84 = 3.5 10° MeV/sec. 

Absorbed energy = 
3.5 x 108 x 10® x 1.60 10-22 
5x 107x100 

= 4 x 105 rads/hr. 


3600 


This latter estimate is the dose rate averaged 
over the entire volume of the gas vessel. The 
dose rate will not be uniform in the vessel but 


this effect of position on dose rate will not be 
as large as in the liquid irradiator. Low- 
energy electrons will spend a larger fraction 
of their energy in the gas than high-energy 
electrons. For example, electrons less than 
10 keV have a range in air less than 2.3 cm. 
The averaging process used to obtain4 x 10° 
rads/hr obviously underestimates the amount 
of absorbed energy contributed by the low- 
energy electrons. Examination of the Y® 
beta spectrum (Fig. 2) and Fig. 4 suggests 
that a low-energy correction will raise the 
average dose rate to at least twice this value, 
or about | 10° rads/hr. Finally, it is inter- 
esting to compare the doses delivered in the 
two vessels. The total energy absorbed in 
water is 140 times that absorbed in air. 

Several dosimetry techniques look promis- 
ing for both irradiators. ‘The ferrous—ferric 
system will be adequate for the liquid irradi- 
ator. Radiolysis of a simple hydrocarbon, 
such as acetylene™ and possibly methane) 
is suggested for dosimetry in the gas irradiator. 
Acetylene has been used for dosimetry in 
machine sources. Determination of the dose- 
rate profiles in the vessels is also of interest. 
Measuring the ion current with a movable 
electrode may be suitable for the determina- 
tion of the dose-rate profile in the gas vessel. 
The cellophane dosimeter“ may possibly 
find application in both gases and liquids. 
This dosimeter, consisting of 1 mil sheets of 
cellophane impregnated with dye, has been 
investigated thoroughly. A sheet of cello- 
phane | mil thick transmits electrons with 
energy greater than 20 keV. By irradiating 
a network of cellophane sheets in the water- 
and gas-filled vessels, it may be possible to 
determine the dose-rate profiles. 

The irradiation vessels will have to be 
shielded because of Bremsstrahlung produced 
by the Sr® and Y® betas. When betas are 
totally absorbed in a target with atomic 
number Z, the total Bremsstrahlung energy 
is proportional to Z. The y-spectrum is 
continuous with most of the energy lying 
below a few hundred kilovolts. Previous 
work" gives an estimated value of 0.0075 
MeV per electron disintegration for the y- 
energy generated by 1.7 MeV, P*® betas in 
SrTiO, (Z = 26). Twice this value is a 
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conservative estimate for the amount pro- 
duced by Sr® and Y™” betas. For a 200 Sr® 
source, the total y-energy is 


200 3.7 10" 2 0.0075 


1.1 x 10" MeV/sec 


or 6 = 108 ergs/hr. Assuming that all 


gammas have an energy of 300 KeV, 2.5 in. 
of lead surrounding the vessels will give 
adequate radiation protection. This shield- 


ing estimate is based on a linear build-up 
factor. Gamma attenuation in the source 
and vessel wall will not reduce significantly 
the lead requirement. 

There is no radiation heating problem in 
the sources. The power rating of the 200c 
source is 3.4 B.t.u./hr. Under the most 
pessimistic heat transfer conditions the maxi- 
mum temperature in the source will be only 
a few degrees higher than the temperature 
of the outside wall of the irradiation vessels. 


DISCUSSION 


High dose rates, small size, simplicity and 
convenience are important features of the 
two irradiators. Routine laboratory use of 
the two irradiators is believed to be feasible 
and to present no unusual problems. Al- 
though satisfactory source encapsulation 
techniques have to be developed and demon- 
strated, this development should require only 
a modest effort. Encapsulation experience 
already exists with large Co™ sources, radium, 
and Sr® itself in small medical therapy 
sources, and this experience will be helpful. 
Source efficiency is low but this is not an 
important consideration in a_ laboratory 
device as long as the source cost and dose 
rate are acceptable. The cost of 200c of 
SrTiO, is $2,000 excluding encapsulation 
charges. An encapsulation charge of from 
one to five dollars per curie would not be a 
serious criticism of the source as a laboratory 
device. Some improvement in dose rate can 


be achieved by reducing the thickness of the 
stainless-steel cover on the source. However, 
until experience suggests otherwise, a con- 
servative choice of 10 mils appears justified 
at present. 

A source thinner than 2 mm will lower the 
curie requirements without reducing the dose 
rate. Alloys, glasses and fine powders con- 
taining Sr® have frequently been suggested 
for thin sources. A powder is a poor choice 
because source mobility enhances Sr™ escape 
and dispersal if a leak occurs in the source 
capsule. Thin alloy or glass sources are not 
necessarily cheaper than a SrTiO, pellet 
source, since fabrication costs before encap- 
sulation are expected to be higher. In the 
absence of an established fabrication tech- 
nology, alloy and glass Sr® sources for labora- 
tory use offer no outstanding advantages over 
the SrTiO, sources discussed above. 
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The Radiation Initiated Nitrosation 
of Cyclohexane 


P. R. HILLS and R. A. JOHNSON 
Wantage Research Laboratory (A.E.R.E.), Wantage, Berks. 


First received 24 April 1961 and in final form 19 July 1961 


The action of cobalt-60 gamma radiation on the nitrosyl chloride—cyclohexane system has 
been studied. Small yields of cyclohexanone oxime have been isolated, together with significant 
amounts of chlorocyclohexane, cyclohexanone and adipic acid. It is believed that the oxime 
initially formed undergoes nitrosative de-oximation to form cyclohexanone which is sub- 


sequently oxidized to adipic acid. 


LA NITROSATION DU CYCLOHEXANE INITIEE PAR LE 
RAYONNEMENT 
On a étudié l’action du rayonnement gamma provenant du cobalt-60 sur le systéme chlorure 
nitrosylique-cyclohexane. On a isolé de petits rendements de l’oxime de cyclohexanone, ainsi 
que des quantités signifiantes de chlorocyclohexane, de cyclohexanone et d’acide adipique. On 
croit que l’oxime formé au début subit une dé-oximation nitrosative pour former du cyclo- 
hexanone lequel en suite s’oxidise en acide adipique. 


BBAUMOJIENCTBHUE C 
JENCTBUEM OBJIYUEHHA 


Baio u JelicTBMe Co Ha CHCTeEMY 


ObL10 


DURCH STRAHLUNG AUSGELOSTE NITROSATION VON CYCLOHEXAN 
Die Einwirkung von Cobalt-60 gamma Strahlung auf das nitrosylchlorid-cyclohexan system 
wurde untersucht. 
Kleine Ausbeuten von Cyclohexanon Oxim wurden abgesondert zusammen mit merklichen 
Mengen von chlorocyclohexan, cyclohexanon und adipic Saure. 
Es scheint dass das zuerst gebildete Oxim eine nitrosative deoximation zu Cyclohexanon 
erfahrt, welches spater zu adipic Saure oxydiert. 


1. INTRODUCTION 


Tue BeckMANN rearrangement of cyclic reported in 1913 by Linp"?) who exposed 


ketoximes produces cyclic amides which are 
useful intermediates in the synthesis of various 
polymeric amides. A novel route for the 
preparation of oximes is by the photonitro- 
sation of hydrocarbons with nitrosyl! chloride. 
The potential value of such a reaction has 
prompted a related study of the reaction 
between nitrosyl chloride and cyclohexane 
under the influence of high-energy radiation. 

The photonitrosation reaction was first 


solutions of nitrosyl chloride in n-heptane to 
sunlight. Ketoximes were produced and, in 
addition, a blue oil assumed to be a nitroso- 
heptane was obtained. Subsequent work by 
and Carson) established that the 
blue oil was a chloro-nitroso compound. 
More recently‘*») cyclohexanone oxime has 
been prepared by photonitrosation, but 
substantial amounts of side products are 
formed. 
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All melting points were carried out on a 
Koeffler block. Gas-liquid chromatography 
was carried out using a Perkin—Elmer instru- 
ment, Model 116, with a 2 m “Apiezon L” 
column operated at 116° C with helium as 
the carrier gas. Absorption spectra were 
obtained on Unicam recording spectro- 
photometers, S.P. 100 (infra-red) and S.P. 
700 (ultraviolet). 


Materials 


Cyclohexane (spectroscopic grade) was 
used for all experiments. 

Nitrosyl chloride was prepared by the inter- 
action of sodium nitrite and hydrochloric 
acid. Sodium nitrite (103-5 g) dissolved in 
water (150 ml) was slowly added to con- 
centrated hydrochloric acid (600 ml). To 
overcome the back pressure generated in the 
course of reaction, the sodium nitrite solution 
was pressurized with compressed air equival- 
ent to a head of 12-15 cm Hg. The gas 
evolved was passed in turn through drying 
towers containing the following: (a) sodium 
nitrite, to remove hydrogen chloride; (b) pot- 
assium chloride containing 2-4 per cent water 
to remove nitrogen dioxide, and (c) calcium 
chloride, to remove moisture. The nitrosyl 
chloride was then condensed in a receiver 
cooled in a mixture of acetone and solid 
carbon dioxide. When all the product had 
been collected it was refluxed under a Vigreux 
column refrigerated with acetone-solid car- 
bon dioxide, in order to remove any residual 
hydrogen chloride. Finally the product was 
fractionated through the column which was 
maintained at a temperature of —5°C. The 
distillate was condensed in a receiver cooled 
with solid carbon dioxide. The first and last 
15 per cent of the distillate was discarded. 
Nitrosyl chloride, m.p. —64-5°C b.p. —5-5°, 
was stored in a stoppered flask embedded in 
carbon dioxide snow. 


Radiation source 


Radiation was obtained from a 700c 
cobalt-60 source, enclosed in a concrete 
shield, the design and operation of which has 
been described elsewhere'®. The irradiation 
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2. EXPERIMENTAL 


space was illuminated by a low-power ruby 
bulb in order to avoid photochemical 
reaction. 


Dosimetry 


The dose received by the contents of the 
reaction vessel was determined with the 
ferrous sulphate system. Experiments were 
conducted with the reaction vessel containing 
an amount of dosimeter solution equal in 
volume to the subsequent charge of reaction 
mixture employed. 


Experimental procedure 


Sufficient nitrosyl chloride for several 
experiments was transferred to an evacuated 
glass high-vacuum system and stored in a 
reservoir, where it was exhaustively degassed 
by repeated evaporation and liquefaction. 
For each experiment an excess of nitrosyl 
chloride was transferred to a smaller reservoir 
connected to a calibrated volume. The cali- 
brated volume could be charged with a known 
amount of nitrosyl chloride vapour by con- 
necting it with the smaller reservoir which 
was maintained at 0°C. The charge of nitro- 
syl chloride from the calibrated volume was 
then condensed into degassed cyclohexane 
contained in a cylindrical reaction vessel 
which could be sealed with a stopcock. The 
reaction vessel was removed from the vacuum 
apparatus and subsequently irradiated. 


Separation of the reaction products 


After irradiation, the contents of the reac- 
tion vessel were discharged into an excess of 
10°,, sodium carbonate solution and the 
reaction vessel rinsed with sodium carbonate 
solution (3 x 5ml) and ether (3 x 5 ml). 
These washings were added to the main bulk. 
The carbonate extract of the reaction mixture 
was then separated, and the organic layer re- 
extracted with fresh sodium carbonate solu- 
tion. The combined carbonate extracts were 
then ether extracted (2 « 15 ml) to remove 
any residual neutral materials, and acidified 
with hydrochloric acid. Finally, ether extrac- 
tion of the acidified solution afforded a small 
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amount of a brown viscous oil which had a 
pronounced acid reaction. 

The combined organic layers from the 
above were then extracted with 10 per cent 


hydrochloric acid (2 « 20 ml). After separ- 
ation, the acid extract was made alkaline, 
when ether extraction (3 15 ml) afforded 
a white solid. 

The residual organic layer, which con- 
tained only neutral substances, was reserved, 


Examination of reaction products 


(a) Neutral oil. The presence of chloro- 
cyclohexane in the oil, which comprised 
mainly unreacted cyclohexane, was indicated 
by infra-red spectroscopy. This was confirmed 
by gas-liquid chromatography, by comparing 
the retention time against that for an auth- 
entic sample of chlorocyclohexane. A second- 
ary component was shown to have a retention 
time identical with that of cyclohexanone. 

The neutral oils from several runs were 
combined and fractionated through a 25 cm 
column of Dixon gauze rings employing n- 


dodecane as a chaser. From the fraction 
boiling at 151—-156°C/752 mm Hg, there was 
obtained a 2:4 dinitro phenyl hydrazone, m.p. 
158-160°; 367, 256 mu. Authentic 
cyclohexanone 2:4  dinitrophenylhydra- 
zone", ©UCls 366, 255 mu. The melting point 
of the isolated material was undepressed 
when mixed with the authentic derivative. 

(b) Acid-soluble material. The separated 
material was sublimed under reduced 
pressure at 25°C onto a water-cooled “‘cold 
finger’. Clumps of long white needles, m.p. 
89-5°C, were obtained. (Found: C, 63-7; 
H, 10-0: N, 12-45. Cale. for CgH,NO: C, 
63-6; H, 9-8; N, 12-45). The melting point 
was not depressed on admixture with authen- 
tic cyclohexanone oxime, 

(c) Alkaline-soluble material. The alkaline 
extract was dissolved in the minimum amount 
of ethanol, and the solution allowed to evapor- 
ate at room temperature. After evaporation, 
the precipitated oil was surrounded by a ring 
of white feathery needles, m.p. 150—151°C, 
undepressed on admixture with authentic 
adipic acid. 


3. DISCUSSION AND RESULTS 


The formation of cyclohexanone may be 
explained by the following reactions: 
NOCI ~»> NO + Cl 
C,H,, —> C,H, + H 
C,H,, + Cl—> C,H, + HCl 
C,H, + NO— C,H,NO 
NO C,H,N.OH. 


Other products can arise as follows: 


C,H,N.OH C,H,).(NO) (Cl) 
C,H, + Cl— C,H,,Cl. 


High concentrations of nitrosyl chloride 
would favour the side reactions, and therefore 
initial experiments were conducted in a ten- 
fold excess of cyclohexane. 


(a) Separation of the reaction mixture 

After irradiation, the reaction mixture was 
treated chemically to isolate’ the materials 
which were soluble, respectively, in aqueous 
alkali and acid. The residual cyclohexane 


was reserved. A similar technique, when 
applied to an unirradiated reaction mixture, 
which had been stored for an extended period, 
demonstrated that no products were formed 
in the absence of radiation. From the acid 
extract of the irradiated solution, a material 
was obtained which sublimed under reduced 
pressure, forming the characteristic crystal 
clumps of cyclohexanone oxime. ‘The identity 
of the crystalline material was confirmed by 
melting and mixed melting points and micro- 
analysis. The G-value for the formation of 
oxime was 0-11 + 0-01. If the acid product 
was assumed to have a molecular weight of 
approximately 120, the related G-value of 
formation was 0-22. 

Infra-red examination of the residual 
hydrocarbon demonstrated the presence of 
chlorocyclohexane. This was confirmed by 
gas-liquid chromatography. ‘The chromato- 
gram also showed a minor product with a 
retention time identical to that of cyclo- 
hexanone. A material was obtained by 
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fractionation of a large volume of residual 
hydrocarbon, which was sufficiently rich in 
ketonic material for the preparation of a 2:4 
dinitrophenylhydrazone. The derivative 
was characterized by mixed melting point 
with authentic cyclohexanone dinitropheny]- 
hydrazone and by its absorption maximum 
in the ultraviolet. 

In addition to its nitrosating action, nitrosyl 
chloride is also an oxidizing agent®), In an 
oxidizing medium it may be assumed that the 
rearrangement and oxidation processes for 
the initially formed nitroso-compound will be 
in competition. In an unextracted reaction 
mixture it was not possible to obtain the 
colour reactions with ferric chloride or 
nitrous acid that are indicative of the presence 
of nitro-compounds, such as could have been 
produced by oxidative processes. 

The rearrangement of nitroso-compounds 
to oximes is known to be rapid. Although 
the system is potentially tautomeric, no 
example of an oxime reverting to a nitroso- 
compound has been reported. Instances are 
known'® where the tendency to form the 
oxime is so strong that parts of a molecule 
will be eliminated in order to achieve this 
configuration rather than adopt the nitroso- 
form: 


(CH,OH),C.NHOH + [O] —> 


(CH,OH),.C—N.OH + H,O + H.CHO 


not (CH,OH),.C.NO. 
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Fic. 1. Rate of product formation. 
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Fic. 2. Rates of formation of extractable products 
at several concentrations of nitrosyl chloride. 


It therefore appears that the speed of the 
nitroso-oxime rearrangement is such that 
oxidation of the nitroso form cannot occur. 


(b) Quantitative results 


The rate of production of chlorocyclo- 
hexane and cyclohexanone was followed by 
gas-liquid chromatography of a number of 
unextracted reaction mixtures (Fig. 1). The 
initial slopes of the lines showed the G-values 
for the formation of chlorocyclohexane and 
cyclohexanone to be 6-3 and 0-8, respectively. 

Further experiments were conducted with 
varying concentrations of nitrosyl chloride. 
As the concentration of nitrosyl chloride was 
reduced, the rate of product formation, as 
derived from the combined weights of the 
acid- and alkali-soluble fractions, decreased 
(Fig. 2). However, the decrease in the rate of 
formation of the separate fractions was not 
uniform. From a graph of the ratio of the 
weight of alkali-soluble material vs. nitrosyl 
chloride concentration (Fig. 3), it is apparent 
that reactions which give rise to alkali-soluble 
products predominate at higher concentra- 
tions of nitrosyl chloride. In these circum- 
stances it is reasonable to assume that the 
alkali-soluble material arises from a reaction 
of one of the initial products with nitrosyl 
chloride. The rate of formation of cyclo- 
hexanone in several unextracted reaction 
mixtures was examined at different con- 
centrations of nitrosyl chloride (Fig 4). An 
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Fic. 3. Ratio of alkali to acid soluble product at 
several concentrations of nitrosyl chloride. 


initial high rate of formation decreased 
sharply as the nitrosyl chloride concentration 
was increased. It therefore appears that the 
acidic materials may arise, at least in part, 
from the relatively reactive cyclohexanone. 


‘c) Degradation of the oxime 

Nitrosyl chloride may react with hydro- 
carbons in several ways'*). Depending on the 
conditions, nitrosation, chlorination or oxida- 
tion may occur. In the present experiments, 
evidence for nitrosation has been obtained 
in the formation of cyclohexanone oxime, 
the tautomer of nitrosocyclohexane. Chlorin- 
ation also occurred, as is shown by the presence 
of chlorocyclohexane. The low oxime yields 
may be attributed to the oxidation of the 
initially formed oxime by a thermal reaction 
with nitrosyl chloride. A mixture of cyclo- 
hexanone oxime and nitrosyl chloride con- 
tained in a sealed tube reacted vigorously 
after a short induction period, and an ethereal 
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Fic. 4. Rate of formation of cyclohexanone at 


several concentrations of nitrosyl chloride. 
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extract of the resultant tar provided chro- 


matographic evidence for the formation of 


both cyclohexanone and chlorocyclohexane. 

It is well established that de-oximation 
can occur under the influence of nitrosating 
agents."-12) For instance, has 
shown that «-oxaminopropiophenone, under 
nitrosating conditions, is converted to the 
corresponding diketone. 

C,H,CO.C(:N.OH).CH, —> 

C,H,;.CO.CO.CHs. 

A similar reaction has been described for 
the interaction of nitrosyl chloride and 
Schiff ’s bases in anhydrous ether". 

C,H;.CH = N.C,H,.R —> 
Cl 


C,H,,CH—N.C,H,.R 


O=N 


Cl 
—+ C,H,.CH N.C,H,.R 
O —N 


—» C,H,;.CH + N—C,H,.R. 
O N Cl- 

The de-oximation of phenylglyoxal al- 
doxime has also been reported, for which 
Wuire"® suggests the following mechanism : 

H 


| 
C,H,.CO.C 


Cl 


N.OH 


NOCI 


““ C,H,.CO.CH—N—OH 


| 
O=N 
Cl 
—+ C,H,.CO.CH N.OH 
O—N 


C,H,;.cCO.CHO + N,O + HCl. 


‘ 
7 
7 
3-0}-— + + + 
| | 
| 
o 
| | 
| 
0 
.°) + + + 
+ 
V Ulie 
10647 
A 
=a 
ix q 
i 
> 
- 
’ 
7 


By analogy, the following steps may be pro- 
posed for the formation of cyclohexanone: 


CH, 
(CH,); C-N—OH 
CH, 
CH, Cl 
(CHy), N—OH — 
CH, O: N 
CH, Cl 
(CH,); N—OH— 
CH, O—N 
CH, 
(CH,), CO +N,O + HCI. 
CH, 


The cyclohexanone thus produced may 
then be oxidized further by nitrosyl chloride. 
Adipic acid is readily produced by the oxida- 
tion of cyclohexanone"®, 

From an alkaline extract of a reaction mix- 
ture that had been irradiated for some weeks 
was obtained a small amount of a brownish 


The irradiation of cyclohexane solutions of 
nitrosyl chloride results in the formation of 
cyclohexanone oxime (G = 0-1) and rela- 
tively large amounts of chlorocyclohexane 
(G = 6-3) and cyclohexanone (G = 0-8). It 
is believed that the cyclohexanone is derived 
from a thermal reaction between the oxime 
and nitrosyl chloride, and can be further 


1. Lynn E. V. J. Amer. chem. Soc. 41, 368 
(1919), 
2. Lynn E. V. and Hirttron O. J. Amer. chem. Soc. 


44, 645 (1922). 


4. CONCLUSION 
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Determination de l’lode Sanguin par Analyse 
d’ Activation 
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Deux méthodes de dosage de l’iode sanguin par analyse d’activation aprés irradiation de 
30 min a 6. 10" n/cm? sec sont décrites. 

L’une comprend une séparation chimique de l’iode avant l’irradiation et la mesure de la 
radioactivité est effectuée a partir de l’amplitude du pic photoélectrique de l’iode 128 obtenu 
par spectrométrie-y. Sa sensibilité est de l’ordre de 10~° g. 

L’autre comprend une séparation chimique de l’iode aprés l’irradiation et la radioactivité 
de l’iode 128 est mesurée par comptage-f avec un compteur Geiger. Sa sensibilité est de 
l’ordre de 10~!" g, permettant d’envisager le dosage de l’iode minéral plasmatique. 

Les avantages de l’analyse d’activation sur la méthode classique, basée sur la mesure colori- 
métrique de l’action catalytique de l’iode dans l’oxydation de l’anhydride arsénieux par le 
sulfate cérique, sont discutés. 

Des résultats préliminaires sont donnés sur la possibilité éventuelle de doser l’iode protéique 
plasmatique par spectrométrie de scintillation sans s¢paration chimique préalable. 


DETERMINATION OF THE SANGUINE IODINE 
ACTIVATION ANALYSIS 


‘Two methods of measuring the iodine content of the blood by activation analysis after 30 


CONTENT BY 


min irradiation in a flux of 6. 10" n/cm®* sec are described. 
One method includes a chemical separation of iodine before irradiation. The radioactivity 


of this specimen is determined on the basis of the amplitude of the iodine 128 photoelectric 
peak measured by y-spectrometry. The sensitivity of this method is about 10~° g 
The other includes chemical separation after irradiation, and radioactivity is subsequently 


measured with a Geiger-Miiller counter. The sensitivity of this second method is about 10~"* g, 


sufficient for determination of the plasmatic mineral content. 

The advantages of activation analysis over the conventional method based on colorimetric 
measurement of the catalytic action of iodine in the oxydation of arsenious anhydride with 
ceric sulphate are discussed. 


Initial results obtained with this new form of analysis are detailed as are also the possibilities 
of measuring plasmatic proteic iodine by scintillation spectrometry without prior chemical 
separation. 


ONPEJIEIEHHE COJIEP7KAHHA B KPOBH 
METOJOM AHAINSA 


oOayyennA B HoToKe 6. 10" neiirp/em. akTH- 

B OJHOM HS MeTOJOB XHMHYVeCKOe Pajno- 
AKTHBHOCTL Takoro NO BbICOTe (oro nona-128 
(0-cnekTpometpna). 9TOrO MeTOa OKONO 
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H3MepeHHeM cueTunkom Broporo 


MeTOla OKONO 10-" T; 
B 


MeTOJOM, OCHOBAHHOM Ha jelicTBHA 


MeTO]la a pat MaTpiBaert¢ H 


BOSMOPRHOCTL HSMeCPpeHHA CBASAHHOTO 


1eHHA. 


Bestrahlung mit einen Fluss von 6 


BESTIMMUNG DES JOD GEHALTES VON BLUT MITTELS 
AKTIVIERUNGSANALYSE 


Zwei Methoden zur Messung des Jod Gehaltes von Blut mittels Aktivierungsanalyse nach 
10!2 n/cm? sec werden beschrieben. 


Die eine Methode unfasst eine chemische Trennung des Jods vor der Bestrahlung. Die 
Radioaktivitat dieser Probe wird durch die Amplitude der photoelektrischen Jod-128 Spitze, 


gemessen mittels Spektrometrie, bestimmt. 


Die Empfindlichkeit dieser Methode betragt ungefahr 10-° gm. Die andere Methode 
umfasst chemische Trennung nach Bestrahlung und die Radioaktivitat wird nachfolgend mit 
einem Geiger-Muller Zahler gemessen. Die Empfindlichkect diesser zweiten Methode betragt 
ungefahr 10-18 gm, was zur Bestimmung des plasmatischen Mineral Inhaltes genugt. 

Die Vorteile der Aktivierungsanalyse gegeniiber gebrauchlichen Methoden (welche sich auf 


Kolorimetrische Messung der katalytischen Wirkung des Jods auf die oxydierung von Arsen 
anhydrid mit schwefelsaurem Cer stutzen) werden erortert. 


Vorlaufige Ergebnisse dieser neuen Art der Analyse werden beschrieben. Die Moglichkeit 
der Messung von plasmatischen Jods mittels Szintillationspektrometrie ohne vorhergehende 


chemische Trennung wird ebenfals erortert. 


L’imPoRTANCE de la détermination de l’iode 
sanguin pour I|’étude de la physiopathologie 
thyroidienne est bien connue, que ce soit 
parce que le taux de l’iode protéique sanguin 
est un bon index de l'état fonctionnel de la 
glande ou parce qu’il permet la détermina- 
tion des activités spécifiques dans les études 
cinétiques faites au moyen de Iliode-131 
comme indicateur. Or l’iode se trouve dans 
le sang a de trés faibles concentrations de 
lordre de 6 wg par 100 ml et son dosage par 
les méthodes chimiques classiques est trés 
difficile, exigeant une prise d’échantillon 
volumineuse qui le rend impraticable de 
facon courante chez homme. 

Un important progrés a été réalisé par la 
découverte de SANDELL et Koituorr" de 
laction catalytique de liode dans l’oxyda- 
tion de l’anhydride arsénieux par le sulfate 


A. INTRODUCTION 


cérique et sa mise a profit par CHangy‘?) 
pour réaliser une méthode de dosage pratique 
sur de faibles échantillons de sang. Depuis, 
la méthode a été perfectionnée sur divers 
points par TaurocG et Cuarkorr®, La- 
CHIVER et Letoup™). Savrer et McKay‘), 
puis BARKER‘®:”) ont introduit la minéralisa- 
tion alcaline par voie séche, permettant de 
supprimer la séparation de Tiode par 
distillation et Sprrzy, Reese et SkruBe® ont 
remplacé la distillation par la diffusion 
thermique, rendant possible les dosages sur 
de trés petits échantillons avec un rende- 
ment de 100 pour cent. Néanmoins, toutes 
ces variantes se terminent par la méme étape 
finale: Vaction catalytique de liode sur 
l’oxydation de l’anhydride arsénieux par le 
sulfate cérique, permettant le dosage pro- 
prement dit par une méthode colorimétrique. 
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Tasieau | 


Période Mode de 
(min) désintégration 


Particules 


Energies (MeV 


B- 94% 
24,99 Capture 6% 


Photons 


Energies (MeV). Rendement (°, de désintégration 


0,45 0,54 0.99 0,75 


17% 2% 0.5% 0.5 


Or cette derniére étape est la plus sujette a 
caution par suite de la non spécificité de 
l’action catalytique de l’iode et des difficultés 
inhérentes 4 la mesure colorimétrique. I! ne 
semble pas que l’on ait actuellement d’idées 
précises sur la sensibilité de la méthode et 
dans des publications récentes'*!'® com- 
parant, sous cet angle, l’analyse par activa- 
tion aux autres méthodes de dosage pour 
différents éléments, le chapitre de l’iode est 
laissé en blanc en ce qui concerne ces 
derniéres. D’autre part rares sont les données 
concernant la précision de la méthode".§!)) 
et cette derniére ne peut étre appréciée a 
l’avance, mais seulement par l'étude statis- 
tique des résultats. 

Il semble donc intéressant de remplacer 
cette derniére étape de la détermination de 
Piode sanguin par l’analyse par activation. 
Celle-ci exige, par suite de la trés faible 
teneur du sang en iode, une source de 
neutrons thermiques a trés haut flux, c’est-a- 
dire un réacteur a proximité du laboratoire 
de mesure. Si cette condition est réalisée, 
analyse par activation présente les avan- 
tages suivants. 

a) C’est une méthode spécifique: soit par 
séparation chimique compléte avant la 
mesure de la radioactivité, soit si cette 
séparation est incompléte par utilisation de 
la spectrométrie-y. 

(b) La mesure proprement dite est une 
mesure de radioactivité avec tous les avan- 
tages que comporte ce genre de détermina- 
tion pour l’appréciation et l’amélioration de 
la précision. 

(c) La sensibilité peut étre déterminée 
avec rigueur en fonction des _ propriétés 
nucléaires de l’iode, des conditions de l’irra- 


Nous dirons quelques mots a la fin de ce 
travail de la_ possibilité, en utilisant la 


9 


B. SEPARATION CHIMIQUE ET IRRADIATION 


diation et des caractéristiques du dispositif de 
détection. 

‘d) Sila séparation chimique du radioiode 
produit peut étre effectuée aprés l’irradia- 
tion, on supprime toutes causes d’erreur 
provenant de la contamination des réactifs 
par l’iode. 

Le Tableau | donne les caractéristiques de 
produit par la réaction I'27(n, y) 
L’énergie élevée de son émission-f 
permet des comptages précis avec un comp- 
teur Geiger ordinaire. La raie-y a 450 keV 
est dans un domaine d’énergie favorable 
pour la spectrométrie-y de scintillation, son 
rendement de 17 pour cent étant suffisam- 
ment élevé pour permettre une sensibilité 
correcte. La période de 25 min exige que le 
laboratoire de mesure soit suffisamment 
proche du réacteur et constitue le facteur 
principal limitant la sensibilité et la possi- 
bilité d’extension de la méthode. Par contre. 
elle permet de limiter la durée d’irradiation 
a un temps court. Enfin I’I'*? posséde une 
section efficace aux neutrons thermiques de 
5,5 barns", valeur relativement 
permettant d’envisager une 
sensibilité. 

Peu de travaux ont été publiés jusqu’ici 
sur le dosage de l’iode dans les milieux 
biologiques par analyse par activation et a 
notre connaissance seule une publication 
récente de Bowen fait état de facon 
précise d'une méthode de dosage de l’iode 
sanguin par cette méthode. Le but du 
présent travail est d’exposer les différentes 
méthodes que nous employons, d’en discuter 
les résultats, les limites actuelles et les 
perspectives d’avenir. 


élevée, 


assez bonne 


spectromeétrie-y, de n’effectuer qu'une sépa- 
ration incomplete, mais rapide et simplifiée, 
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des ions les plus génants, notamment du 
sodium. Dans les conditions actuelles une 
séparation aussi compléte que possible de 
l‘iode avant les mesures de radioactivité est 
pésirable. 

En principe, l’énergie maxima élevée de 
28 et le rendement en photons par 
désintégration trés inférieure a l’unité de sa 
raie-y principale, font du compteur Geiger 
l'instrument de choix pour la mesure de la 
radioactivité induite. Pour une méme durée 
de la mesure, le nombre d’impulsions enregis- 
trées est largement plus élevé que par 
spe trométrie effectuée sur le pic photo- 
électrique principal a 450 keV et le mouve- 
ment propre sensiblement plus faible. On 
doit alors effectuer la séparation de liode, 
comprenant une minéralisation de l’échan- 
tillon suivie d’une distillation, aprés [irradia- 
tion car c’est la procédure la plus sire pour 
éliminer la radioactivité parasite due a des 
radioéléments autres que l’iode-128, radio- 
activité que le compteur Geiger est incapable 
de discriminer. D’autre part, cette fagon de 
faire a lavantage d’éviter toute cause 
d’erreur due a la contamination des réactifs. 

Néanmoins les opérations de séparation 
exigent 4-1 hr et, par suite de la période de 
25 min de I’I'*8, quand elles sont effectuées 
aprés l’irradiation, la radioactivité est réduite 
d’un facteur de 3 A 5 au moment de la 
mesure. Si l’on effectue la séparation avant 
irradiation pour pouvoir effectuer la mesure 
de radioactivité le plus vite possible aprés 
cette derniére, il est indispensable d’utiliser 
la spectrométrie-y car la probabilité d’avoir 
une radioactivité parasite non négligeable 
est beaucoup plus élevée. D’autre part, il 
est alors indispensable de doser, simultané- 
ment par analyse d’activation Diode sur un 
blanc des réactifs ayant servi a effectuer la 
s¢éparation. Nos mesures nous ont montré 
que pour la préparation d’un échantillon la 
quantité diode due aux réactifs était 8 fois 
plus faible environ que celle du sang d’un 
sujet normal contenu dans l’échantillon, 
Ceci fait qu’en dehors des cas ot la teneur du 

ing en iode est extrémement basse on peut 


liser pour le dosage la séparation avant 


radiation associée a la spectrométrie-y. 
Cette méthode, par suite du rendement de 17 


pour cent relativement faible de la raie a 
450 keV de I’I'®§ et de la présence d’iode 
dans les réactifs est beaucoup moins sensible 
que celle associant la séparation aprés irra- 
diation au comptage Geiger. Elle présente 
néanmoins un certain intérét, car d’une part 
la séparation avant lirradiation peut étre 
effectuée avec tout le soin voulu puisque le 
facteur temps n’intervient plus et d’autre 
part on est sir d’obtenir un résultat valable 
puisque la spectrométrie-y permet de dis- 
criminer toute radioactivité parasite acci- 
dentelle. Aprés minéralisation et distillation, 
liode se présente sous forme d’une solution 
aqueuse d’iodure de sodium en présence d’un 
exces de soude. Si cette opération est 
effectuée avant l’irradiation, il est indispen- 
sable d’extraire liode au tétrachlorure de 
carbone, avant d’effectuer la mesure de 
radioactivité, pour éliminer les autres ions 
radioactivés, notamment le sodium. Méme 
d’ailleurs si la distillation est effectuée aprés 
irradiation, il est désirable de procéder a 
cette extraction au CCl, pour réduire au 
maximum la radioactivité parasite. 

Si, comme l’ont montré de nombreux 
auteurs, la minéralisation et la distillation 
convenablement menées possédent un rende- 
ment constant, il n’en est pas de méme de 
extraction au CCl,. Aussi mesurons-nous le 
rendement de la totalité des opérations, en 
ajoutant aux différents spécimens (échantil- 
lon, blanc, étalon) qui doivent étre traités, le 
méme nombre de gouttes d’une solution 
standard d’I!™ sans entraineur et représentant 
une radioactivité cing fois plus faible environ 
que celle qui est prévue pour II'** aprés 
irradiation de l’échantillon. 


1. Préparation de l Echantillon 


S’il s’agit de sang total, il est constitué par 
1-3 ml prélevé sur héparine. 

S’il s’agit de sérum, on préléve 4—7 ml de 
sang qui aprés centrifugation et séparation de 
la fibrine donne |—3 ml de sérum. 

Si l’on veut mesurer liode protéique 
plasmatique Tléchantillon est obtenu en 
prélevant 1-3 ml de plasma aprés passage 
sur résine échangeuse d’ions suivant la 
technique de VEALL"®, 
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On ajoute ensuite I’I*! standard pour la 
mesure du rendement. 


(a) Séparation chimique avant l’irradiation 

Echantillon. On effectue la minéralisation 
et la distillation telles qu’elles sont décrites au 
paragraphe 2. On obtient alors une solution 
d’iodure de sodium dans la soude de 15 a 20 
ml qu’on concentre par évaporation a | ml. 
Cette solution concentrée est transférée dans 
un récipient cylindrique constitué par un 
segment de cylindre en Polythéne de 1,5 cm 
de diamétre, 1,5 cm de hauteur, a paroi de 
0,3 mm d’é€paisseur et dont chaque extrémité 
est fermée par une feuille de Polythéne de 
méme é€paisseur soudée a chaud. 

Blanc de réactif. Les mémes opérations que 
pour l’échantillon sont effectuées sur 1—3 ml 
d’eau bidistillée, aprés avoir toujours ajouté 
la méme quantité d’I" pour la mesure du 
rendement. La préparation d’un blanc n’est 
évidemment nécessaire que si la minéralisa- 
tion et la distillation sont effectuées avant 
irradiation. 


(b) Séparation chimique aprés l’irradiation 

Les 1-3 ml de sang total, de sérum ou de 
plasma passé sur résine échangeuse d’ions, 
sont, aprés adjonction de I'*! sans entraineur, 
transférés directement dans un petit récipient 
en Polythéne suivant la technique décrite en 
(a). 

2. Minéralisation et Distillation 

Il n’est pas possible d’utiliser la méthode 
de minéralisation alcaline par voie séche de 
Barker’) car sa durée de 12 a 15hr ne 
permet pas de s’en servir aprés activation. 
D’autre part, la grosse quantité de carbonate 
de sodium qu’elle met en jeu, entrainerait, si 
elle était effectuée avant l’irradiation, une 
radioactivité parasite énorme, rendant la 
mesure impossible méme aprés extraction au 
CCl,. En conséquence, nous effectuons la 
minéralisation par voie humide par oxyda- 
tion a aide du mélange acide sulfurique 
20 N acide chromique 10 M A l’ébullition. 
Aprés digestion compléte la distillation est 
effectuée en méme temps que l’iodate est 
réduit par l’acide phosphoreux a l'état 
diode. L’iode entrainé est piégé dans une 
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solution aqueuse de soude 0,2N. Nous 
renvoyons pour la description détaillée de 
cette partie de la technique 4 Lacutver et 
LeLoup“? dont nous suivons rigoureusement 
le mode opératoire. 


3. Préparation de I’ Etalon 

I] est constitué par 0,1-0,8 ug d’iode, sous 
forme d’iodure d’ammonium, dans un volu- 
me de 2 ml d’eau bidistillée, auquel on a 
ajouté la méme quantité d’I"™ standard que 
pour l’échantillon. Le tout est disposé dans 
un petit récipient cylindrique en Polythéne 
suivant la technique précédemment décrite. 
Les concentrations en iode ce l’étalon sont 
plus élevées dans le cas ot on utilise la 
méthode de séparation avant l’irradiation 
associée a la spectrométrie-y que dans celui 
de la méthode de séparation apres l’irradia- 
tion associée au comptage-/. 


4. Irradiation 

Les trois petits récipients représentant 
’échantillon, l’étalon et éventuellement le 
blanc, sont disposés dans un récipient en 
Polythéne de 7cm de haut, 1,6cm de 
diamétre et dont les parois ont 2mm 
d’épaisseur. Les récipients sont disposés 
jusqu’a concurrence de trois dans une car- 
touche en matiére plastique qui est envoyée 
pour étre irradiée dans le réacteur EL3 du 
Centre d’Etudes Nucléaires de Saclay, par 
un systéme de canaux pneumatiques. 

Le flux de neutrons thermiques est de 
6. 10° n/cm? sec et le temps d’irradiation de 
30 min, ce qui permet d’obtenir une fraction 
notable de la quantité d’I'*8 a la saturation, 
tout en minimisant la production de radio- 
éléments parasites 4 vie plus longue, le 
sodium notamment. 


5. Extraction au Tétrachlorure de Carbone 


(a) Cas de la séparation chim ique avant irradiation 

Cette extraction est effectuée le plus 
rapidement possible aprés la fin de l’irradia- 
tion, c’est-a-dire dans notre cas 20 min 
environ. 

Le contenu d’un petit récipient cylindrique 
irradié est vidé dans une ampoule a décanta- 
tion. On rince ensuite le récipient, plusieurs 
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fois avec 2-3 ml d'eau. Le liquide de 


rincage est chaque fois versé dans l’ampoule 


a décantation ce qui fait en tout une 
dizaine de ml. On ajoute comme entraineur 
20 mg d’iode sous forme d’une solution de 
Nal. On rajoute un excés d’acide nitrique 
sous forme de 0,5 ml d’acide 5 N. On libére 
ensuite liode par 5 gouttes d’une solution 
de nitrite de sodium a 1 pour cent. On 
ajoute 5 ml de CCl, et on agite. On 
décante le CCl, dans une deuxiéme am- 
poule, puis on effectue une seconde ex- 
traction dans la premiére par adjonction 
d’une nouvelle quantité de CCl, que lon 
décante de nouveau dans la deuxiéme 
ampoule. On effectue ainsi une 
d’extractions successives jusqu’a ce 
le tétrachlorure de 
tion soit totalement 
extrait. 

La quantité totale de CCl, dans laquelle 
se trouve liode extrait représente environ 
15 ml. 

On extrait ensuite liode de sa solution 
dans le tétrachlorure de carbone par une 
solution de NaOH a 5 pour cent. Aprés 
agitation le CCI, est éliminé. On repasse alors 
en excés d’acide en ajoutant 0,5 ml d’acide 
nitrique 5 N. On peut alors rajouter du nitrite 
de sodium ou non. L’ensemble de 
derniéres opérations est nécessaire 


série 
que 
carbone apres extrac- 


incolore et tout Diode 


ces 
pour 


éliminer de l’extrait de CCl, les éléments 
radioactifs parasites et principalement le 
sodium. 

On reextrait 4 nouveau liode par trois 
extractions successives au CCl, de 3 ml 
chacune, pour avoir un extrait final de 9 ml, 
qui sera le méme pour tous les échantillons mesurés 
de facon a assurer une géométrie identique 
au cours des mesures de radioactivité par 
spectrométrie-y. 


(b) Cas de la séparation chimique aprés irradiation 


On effectue le plus t6t possible aprés 
Yirradiation (20 min environ) la minéralisa- 
tion et la distillation comme exposé au 
Chapitre B, Section 2. Ce n’est qu’aprés que 
l'on réalise l’extraction au tétrachlorure de 
carbone suivant la technique que nous 
venons de décrire plus haut en Section 5(a) 
Néanmoins une étape supplémentaire est 
rendue nécessaire du fait que dans ce cas la 
mesure de la radioactivité est faite par 
comptage-f avec un compteur Geiger— 
Miiller. L’iode extrait par la soude du CCl,, 
est transféré sur un filtre de Buchner, puis 
précipité par 3 ml de AgNO* a 3 pour cent en 
présence de 2 ml de NH,OH concentré. Le 
précipité obtenu est filtré et lavé par HNO, 
2N et séché a lacétone. II est alors prét 
pour le comptage-/. 


C. MESURE PAR SPECTROMETRIE-y 


Cette méthode est indiquée dans le cas ou 
on a effectué la séparation chimique avant 
irradiation, car elle permet de distinguer 
sans difficulté la radioactivité due a I'** de 
celle éventuellement due au sodium-24, 
provenant de traces de sodium entrainées par 
le tétrachlorure de carbone. 

Par suite de la courte période de I'** les 
différentes parties du spectre doivent étre 
mesurées simultanément, ce qui exige lutili- 
sation d’un analyseur multicanaux. La 
mesure relative de la radioactivité d’un 
échantillon par rapport a celle d’un étalon 
pourra étre effectuée soit par la détermination 
du rapport des surfaces des pics photoélectri- 


ques, soit par celle du rapport de leurs 


amplitudes. En principe, la premiére mé- 
thode est préférable puisque la surface est 
proportionnelle &@ un nombre d’impulsions 
beaucoup plus élevée que amplitude, ce qui 
rend la précision statistique meilleure. En 
fait, il est indiqué d’utiliser la deuxiéme 
méthode pour les deux raisons suivantes. 

(a) La durée de chaque comptage étant 
relativement courte, de 15-30 min, la stabi- 
lité des dispositifs électroniques est suffisante 
pour que, au cours de Ja mesure de l’échan- 
tillon et de l’étalon, il n’y ait pas de déplace- 
ment appréciable du pic photoélectrique, 
susceptible d’entrainer une erreur de mesure 
par comparaison des amplitudes. 

(b) En présence d’un pic a 364 keV non 
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négligeable de l’iode-131 ajouté pour l’indis- 
pensable mesure du rendement, il est difficile 
de déterminer avec precision la surface 
limitée par le pic photoélectrique (Figs. 2, 4 
et 6). 

Il est beaucoup plus simple de tracer par 
approximation graphique, a partir de la 
portion du spectre correspondant aux éner- 
gies supérieures 4 550 keV une “ligne de 
base” permettant de déterminer avec une 
précision acceptable l’amplitude des _ pics 
photoélectriques. Comme nous le verrons 


plus loin, la précision obtenue est suffisante 
lorsque la teneur du sang en iode n’est pas 


Stendord |'° 


temps de comptage = 3 


364 Kev 


Energies 


Pic de ’T!™ du standard. 


Fic. 1. 


trés faible et c’est la technique que nous 
utilisons dans la mesure de la radioactivité 
par spectrométrie-y. 


1. Appareillage 

Le détecteur est constitué par un photo- 
multiplicateur EMI 6097, associé a un cristal 
diodure de sodium activé au thallium de 
1,5 in. de diamétre et 1 in. de hauteur. Ce 
détecteur est disposé dans un chateau de 
plomb de 5 cm d’épaisseur. II est relié A un 
spectrométre a 100 canaux A mémoire 
magnétique du type RIDL, construit en 
France par la Société Intertechnique. Le 
développement du spectre peut étre suivi sur 


Bio de reactifs 
extraction du réacteur = 
temps de comptage = 


Energies 
Fic. 2. Pic de I’I"** du blanc. 
un écran d’oscillographe. II est enregistré 
sur un enregistreur MECI de type Speedo- 
max et le nombre d’impulsions par canal 
peut étre inscrit automatiquement sur bande 
de papier au moyen d’un imprimeur Victor 
Digitmatic. 
2, Mode Opératoire 

L’extrait final de 9 ml obtenu suivant la 
technique décrite au Chapitre B, Section 
(a), est disposé dans une petite fiole cylin- 
drique en verre de 3,5cm de diamétre 
intérieur, laquelle est directement posée par 
sa base sur le capot d’aluminium du cristal 
d’iodure de sodium détecteur. 


Blanc de reactifs Rendement. 
extroction du reocteur 4 heures 
temps de comptage « 30 


orbitraires) 


(unites 


. Pic de I’I"** du blanc. 
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Serum sanguin 
extraction du reacteur 
temps de comptoge=!5° 450 Kev 


orbitraires) 


3 
364 Kev 


Nb. imp. (unites 


Fic. 4. Pic de l’I*?* de l’échantillon. 


Les spectres sont en général enregistrés 
avec une amplitude maxima correspondant 
a 2047 impulsions par canal, les 100 canaux 
couvrant un domaine de 0 a 650 keV. Le 
mouvement propre par canal est a peu pres 


Serum sanguin 
Rendemert. 
extraction du reocteur =5 heures 
temps de comptage =30° 
364 Kev 


arbitraires) 


imp.( unites 


Nb 


Energies 


Pic de de l’échantillon. 
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constant et de l’ordre de 2,2 impulsions par 
minute dans le domaine d’énergie couvrant 
les pics 364 keV de I'*! et 450 keV de [!*8, 

Dans le cas ot le dosage comporte |’échan- 
tillon, l’étalon et un blanc, 7 spectres sont 
réalisés, représentés par les Figs. 1-7, sur 
lesquelles expression “‘extraction du réac- 
teur’’ correspond au temps écoulé entre la 
fin de Vlirradiation et le moment ov est 
commencée la mesure de la radioactivité. 

(i) Tout d’abord un spectre du standard 
['3! qui est ajouté a l’échantillon, a Pétalon 
et au blanc avant les opérations (Fig. 1). 


450 Kev 


Etolon I'*’ 0-4 ug 
extraction du reocteur 
temps de comptage 
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I 
540 Kev 


Energies 


Fic. 6. Pic de l’I"** de l’étalon. 


Puis aprés toutes les opérations, dans 
lordre chronologique: 

(ii) Un spectre du mélange I'**-I'* du 
blanc (Fig. 2). 

(iii) Un spectre du mélange I'**-I'* de 
’échantillon (Fig. 4). 

(iv) Un spectre du mélange ['*8-I'™ de 
étalon (Fig. 6). 

(v) Un spectre de I'** du blanc aprés 
désintégration compléte de I'*8 (Fig. 3). 

(vi) Un spectre de ['* de l’échantillon 
aprés désintégration complete de (Fig. 5). 

(vii) Un spectre de I'* de l’étalon aprés 
désintégration compléte de I'*8 (Fig. 7). 

Les Figs. 1-7 correspondent au cas de 
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temps de comptage « 30 


6 neures 


arbitrares) 
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Energies 


Pic de de l’étalon. 
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liode sanguin total chez un sujet normal. Le 
Tableau 2 donne dans l’ordre les amplitudes 
des pics des Figs. 1—7 exprimées en nombre 
d’impulsions du canal central. 

Si Pon désigne par A, B, B’, B’, C, C’, 
les taux de désintégration correspondant 
ramenés a une méme origine des temps, en 
tenant compte du mouvement propre, et par 
m la masse d’iode de I’étalon en ug, la masse 
M Wiode de l’échantillon est donnée par: 
B'A 
BA 


B’A | 


Xx 
y 
D’aprés les relations (1) X, Y et Z représen- 


tent, avec le méme coefficient de proportionnalité, 
des radioactivités proportionnelles respec- 


2 
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tivement a: la quantité d’iode contenue 
l’échantillon plus celle des réactifs 
utilisés; la quantité d’iode contenue dans le 
blanc des réactifs, et la quantité d’iode 
contenue dans |’étalon. 

La relation (2) en résulte directement. 

Notons qu’en pratique il est inutile de 
mesurer séparément le rendement de « haque 
operation. On peut donc se dispenser de 
mesurer le terme A relatif au standard d’]?41, 
puisque ce terme s’élimine dans le rapport 
X — Y/Z de la relation (2). 

Dans le cas de exemple choisi, m est 
égal a 0,4 wg et on trouve M = 0,118 ug. 
La prise d’essai étant de 2 ml on obtient une 
concentration de 0,059 ug/ml. 


3. Précision de la Mesure 
Pour déterminer la précision, on emploie 
la relation classique (3), qui donne l’erreur 
quadratique moyenne &y Sur une fonction 
S(*, 9, ...), connaissant les erreurs quadrati- 


ques moyennes sur les variables ¢,, ¢,,.. . 


of \2 


(3) 
Ox 


(e 
En appliquant la relation (3) aux relations (1) 
on obtient les erreurs quadratiques moyen- 
nes éy, &y, &g a partir des écarts standards 
sur les valeurs a, 6, ¢.. données par la 
distribution de Poisson pour I’I!™ et par la 
distribution binomiale pour 

On applique ensuite la relation (3) a 
expression (2), ce qui donne [erreur 
quadratique sur M et par suite sur le résultat 
du dosage. 

Dans l’exemple précédent, on trouve un 
écart standard de 0.0035 ug représentant 6 
pour cent de 0,059 wg résultat du dosage. 
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D. MESURE DE LA RADIOACTIVITE PAR COMPTAGE-8 


Pour des raisons que nous avons déja 
envisagées, cette méthode ne peut étre 
utilisée que si la séparation chimique de 
Yiode est effectuée aprés irradiation. D’au- 
tre part, si elle est moins sire que la méthode 
par spectrométrie-y, elle est beaucoup plus 
sensible et permet le dosage simultané de 
plusieurs échantillons, car le nombre d’impul- 
sions enregistrées pour un méme échantillon 
et un méme temps de comptage est beaucoup 
plus élevé. 

1. Appareillage 

Il est constitué d’un compteur cloche 
Geiger—Miiller classique, dont Ja fenétre a 
une épaisseur de 2 mg/cm?*, associé a un 
porte-échantillon en Plexiglas, le tout étant 
enfermé dans un chateau de plomb de 5 cm 
d’épaisseur. Le dispositif électronique se 
compose d’une haute tension stabilisée et 
d’une échelle de 1000 également classiques. 


2. Mode Opératoire 
Une série de mesures consécutives de la 
radioactivité-f du précipité diodure d’ar- 


gent, préparé suivant la technique indiquée 
au Chapitre B, Section 5(b), est effectuée 
aprés filtration par 150 mg d’aluminium par 
centimétre carré pour éliminer la majeure 


partie des rayons-f de (90 surajouté 
pour la mesure du rendement. Ceci n’en- 
traine qu'une faible diminution du rende- 
ment du comptage-/ de ’I'** (15 pour cent), 
puisque l’énergie maxima, égale a 2,02 MeV, 
des particules-f émises par ce dernier est trés 
supérieure a celle des particules-f émises par 
PI, égale a 0,608 MeV. On veérifie ainsi 
que la décroissance correspond a la période 
de 25 min de I!*5, comme le montre la Fig. 8. 

On opére de la méme facon sur l’étalon 
que sur l’échantillon. 

Un point important doit étre signalé ici 
concernant la mesure de la radioactivité de 
aprés décroissance complete de 
pour l’appréciation du rendement, tant pour 
l’étalon que pour l’échantillon. Par suite de 
la courte période de I'I'**, le précipité 
d’iodure d’argent est effectué assez rapide- 
ment et dans des conditions telles que la 
valeur de son épaisseur et luniformité de 


cette derniére sont assez variables. Ceci 

n’entraine qu’une erreur négligeable pour la 

mesure de l’iode 128 par suite de sa grande 
énergie-f. Il n’en est pas du tout de méme 
pour la mesure de I’I'*' dont l’énergie-/ est 
faible. J s’ensuit qu’en pratique, il est necessaire 
de mesurer la radioactivité de 1 par spectro- 
metrie-y en appréciant la surface ou lampli- 
tude de son pic photoélectrique 4 364 keV. 

Les considérations développées au Chapi- 
tre C, Section 2, sont toujours valables et la 
quantité d’iode contenue dans l’échantillon 
est toujours donnée par la relation (2), qui se 
simplifie ici, car comme il n’y a pas de blanc 

a mesurer le terme Z disparait. 

Par exemple pour le sérum No. 2 relatif a 
la Fig. 8 on obtient les résultats suivants: 

B’ (activité en P** de Péchantillon mesurée au 
compteur Geiger 9500 impulsions en 2 
min; 

B" (activité en T'?8 de Pétalon mesurée au 
compteur Geiger) = 8000 impulsions en 2 
min; 

(activité en de léchantillon mesurée 
sur le canal central du pic photoélectrique 
a 364 keV 12,2 impulsions par minute 
pour une mesure de | hr; 

C” (activité en I'*! de Pétalon mesurée sur le 
canal central du pic photoélectrique a 
364 keV 16 impulsions par minute 
pour une mesure de | hr. 

m (quantité de dans l’étalon O,1 ug; 

M = quantité de I'*? dans l’échantillon. 

L’application des relations (1) et (2) donne 

9500 =12,2 

x 3000 * 6 
Comme la prise d’essai était de 2 ml, la 

concentration de Tiode dans le sérum No, 

2 (Fig. 8) est de 4,5 wg par 100 ml. 


0,091 ug. 


3. Précision de la Mesure 

Les considérations développéesau Chapitre 
C, Section 3 s’appliquent également ici. On 
doit toutefois remarquer que au taux oti se 
trouve liode dans le sang total ou liode 
protéique dans le plasma, le nombre d’impul- 
sions par minute enregistré du a I’I'** est 
beaucoup plus élevé que pour la mesure par 
spectrométrie-y. Le temps de comptage 
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Decrovssonce de 


20 60 00 


Fic. 8. Courbe 


min 


de décroissance de la radioactivité de I’I"** mesurée 


40 80 2 


en comptage-/, pour 3 échantillons de sérum et un étalon. Chaque 


point correspond a un comptage de 2 min. 


devient négligeable (2 min) par rapport a la 
période de l’I'** (25 min) et l’on peut utiliser 
la distribution de Poisson au lieu de la distri- 
bution binomiale pour l’appréciation des 
écarts standards. 

Dans le cas de l’exemple précédent, on 
trouve un écart standard de 0,0026 ug 
représentant 6 pour cent de 0,045 wg résultat 
du dosage dans | ml de sang. On voit que la 
précision est apparemment la méme que par 
spectrométrie-y, ce qui est priori inattendu, 
puisque d’aprés ce qui vient d’étre développé 
plus haut, la précision sur la mesure de 
’I'*8 devrait étre beaucoup plus élevée par 
comptage-f que par spectrométrie-y. En 
fait la précision sur une fonction de plusieurs 
parameétres est du méme ordre de grandeur 
que celle du paramétre dont la mesure est 


E. DISCUSSION 


1. Méthode de Mesure par Spectrométrie-y 


Le Tableau 3 donne les résultats de 14 
mesures effectuées sur un méme sang de 
sujet normal, d’une part au moyen de l’ana- 


DES RESULTATS 


la moins précise. Or pour les raisons que 
nous avons exposées plus haut, la mesure de 
PI"! servant a établir le rendement se fait par 
spectrométrie-y. Il est donc normal de 
trouver une précision globale analogue a 
celle que donne cette méthode. Néanmoins 
on doit remarquer que dans le cas de la 
mesure par comptage-f cet ordre de gran- 
deur de la précision restera fixe, méme pour 
des taux d’iode trés inférieurs 4 ceux du sang 
d’un sujet normal, alors que par spectro- 
métrie-y la precision deviendra de plus en 
plus mauvaise quand le taux d’iode dimi- 
nuera. En définitive comme nous le préciserons plus 
loin la senstbilité de la mesure par comptage-B est 
trés supérieure a celle de la méthode par spectro- 
métrie-y. 


lyse par activation, avec et sans mesure du 
rendement par I'*!, d’autre part au moyen 
de la réaction catalytique suivant la techni- 
que de Lacuiver et Letoup™). On voit que 
analyse par activation avec mesure du 
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TABLEAU 3 


Analyse par activation 
Avec mesure du Sans mesure du 
rendement rendement 
ml ug/100 ml 


+.40 3,75 
+.40 

t.55 
+60 +40 
t.50 
+.85 
5,20 
5.05 5.20 
5.05 5.40 
5.05 6.00 
5.10 6.20 
5.10 6.40 
5.30 6.50 


5,30 


Movenne 
a 0.29 a 1.05 


$.85 


Reaction catalytique 


Sans mesure du 
rendement rendement 
(ug/100 ml ug/100 ml 


Avec mesure du 


4,85 3,72 
3,95 
5,20 
5.50 
5.55 +.75 
6.20 +.80 
6.25 5,10 
6.55 5.55 


6.75 5,75 
5.90 
7,25 5.90 


Movenne 6,11 Movenne 5 
0.89 0.83 


6,11 + 14,5° 5 16,5°% 


rendement donne un écart standard relatif 
de 6 pour cent en bon accord avec celui 
calculé a partir de la statistique des mesures 
radioactives sur un échantillon dont la 
teneur en iode est du méme ordre de gran- 
deur (Chapitre C, Section 3). Il semble donc 
que dans le cas du dosage de l’iode aux taux 
considérés, par rapport aux autres causes 
d’erreur inhérentes a la méthode d’analyse 
par activation telles que, pesées et mesures 
volumétriques, interférences de réactions 
nucléaires neutroniques autres que la réac- 
tion (n, y), gradient du flux de neutrons, 
dépression du flux de neutrons par les 
échantillons irradiés, self-absorption des 
neutrons dans les échantillons, ce _ soit 
essentiellement la fluctuation statistique des 
mesures radioactives qui limite la précision. 

Le Tableau 3 montre également que dans 
nos mains, la réaction catalytique donne une 
précision beaucoup moins bonne que I’ana- 
lyse par activation pour le dosage de liode 
dans un sang de teneur normale. On con- 
state d’autre part qu’avec la réaction cata- 
lytique, il ne semble pas qu'il y ait de diffé- 
rence de précision que l’on tienne ou non 
compte du rendement. Ceci confirme l’opi- 
nion de nombreux auteurs’’-*) sur la 


constance du rendement au cours des 
opérations de séparation quand on effectue le 
dosage par la réaction catalytique. La 
différence que l’on observe sous ce rapport 
avec lanalyse par activation doit provenir 
soit de l’étape d’extraction au tétrachlorure 
de carbone, soit d’une adsorption de l’iode 
sur le Polythéne des récipients au cours de 
irradiation. 

Enfin le Tableau 3 montre une différence 
systématique dans nos mesures avec et sans 
rendement suivant la technique de La- 
CHIVER et Letoup. II n’est possible de 
Pinterpréter qu’en supposant le rendement 
constant, mais sensiblement inférieur a 
Punité, de ordre de 80 4 85 pour cent, alors 
que l’on admet en général qu’il a une valeur 
plus élevée de Vordre de 95 a 98 pour 
cent.“*) En effet dans cette technique, 
contrairement a celle utilisant l’analyse par 
activation, liode de l’étalon est dosé direc- 
tement par son action catalytique sur 
Poxydation de anhydride arsénieux par le 
sulfate cérique sans séparation préalable. La 
séparation de l’iode n’est nécessaire que pour 
Péchantillon et le blanc; parsuite la mesure 
de son rendement n’a a étre envisagée que 
pour ces derniers. Comme le taux d’iode est 
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obtenu a partir du quotient de la différence 
des mesures relatives 4 l’échantillon et au 
blanc, par celle relative a l’étalon, il est 
normal de trouver un taux d’iode plus élevé 
quand on tient compte d’un rendement 
nettement inférieur a lunité. D’autre part le 
Tableau 3 montre que le taux d’iode obtenu 
par la réaction catalytique dans les condi- 
tions les plus rigoureuses, c’est-a-dire avec 
mesure du rendement, est dans nos mains 
systématiquement supérieur a celui obtenu 
par l’analyse d’activation. Il nous semble 
que ceci ne peut s’expliquer que par le fait 
que laction catalytique n’étant pas absolu- 
ment spécifique de liode, la présence, dans 
’échantillon notamment, de substances aut- 
res que l’iode ayant cette action, se traduit 
par un accroissement apparent du taux 
diode. En ce qui concerne la précision du 
dosage de liode sanguin par la réaction 
catalytique il semble, comme nous |’avons 
dit plus haut, qu’il y ait peu de données dans 
la littérature. LAcnIvVER et LELoup™) donnent, 
sans démonstration, une erreur moyenne de 
3 a 7 pour cent par défaut, pour des prises 
d’essai contenant 0,002 a 0,2 wg diode. 


Spirzy et ses collaborateurs'* présentent une 
série de 12 mesures sur un méme échantillon 
de sérum, donnant une valeur moyenne de 
6,8 ug/100 ml avec un écart quadratique 
moyen de 0,4 ug, soit une erreur relative de 
6 pour cent pour une prise d’essai de 0,5 ml 


de sérum, représentant 0,034 ug d’iode en 
moyenne. Enfin WALTER et ses collabora- 
teurs"”) présentent une série de 25 mesures 
de contrdle effectuées sur un méme échan- 
tillon et dont on tire une valeur moyenne de 
5,32 wg/100 ml de sang, avec une erreur 
quadratique moyenne de 0,32 wg corre- 
spondant a une erreur relative de 6 pour cent. 

Les précisions indiquées par ces différents 
auteurs sont du méme ordre de grandeur et 
nettement supérieures a la précision que nous 
obtenons par la méme méthode, puisque pour 
des prises d’essai analogues, elles se carac- 
térisent par une erreur relative de l’ordre de 
6 pour cent contre 15 pour cent dans notre 
cas (Tableau 3). Par contre, elles se 
rapprochent de celle que nous obtenons en 
utilisant analyse par activation a4 laquelle 
correspond une erreur relative de l’ordre de 
5 pour cent (Tableau 3). Nous sommes 
incapables d’interpréter la différence de 
précision entre nos résultats et ceux des 
auteurs précités dans le cas du dosage par la 
réaction catalytique, si ce n’est par quelque 
imperfection de notre fait dans l’application 
de la technique. 


2. Méthode de Mesure par Comptage-8 


Le Tableau 4 donne les résultats de 43 
dosages échelonnés sur plusieurs mois et 
effectués sur le méme sang. L’écart standard 
relatif est de 5,5 pour cent en bon accord 


Tasieau 4. Dosage de I’I**’ par compteur Geiger 


exprimé en g/100 ml de sérum 


3,55 
3.9 
3,82 
3,68 
4 
3.66 
3.66 
3,87 
3,90 
4.06 
3,85 


Moyenne 


31 
32 
33 


3,95 wg/100 ml 


7 

4 

96] 

4, - 4,05 34 4,30 

20 2 4,07 13 24 4 35 4.10 

3 3,59 14 25 3,74 36 3.90 = 

+ 3,58 15 26 3,94 37 4.05 

5 3,77 16 27 3,94 38 4,30 

ee ee 6 3,93 17 28 3,72 39 + : 

7 4,23 18 29 3,95 40 3,90 

8 4,12 19 30 4,30 41 4,20 

9 3,82 20 4.02 42 4.35 ‘es 

10 3,82 21 4,22 43 3,85 

3,95 wg + 5,5% 

a 


100 C. Kellershohn, 
avec celui calculé a partir de la statistique 
des mesures radioactives sur un échantillon 
dont la teneur en iode est du méme ordre de 
grandeur (Chi ipitre D, Section 3). Les 
remarques qui ont été faites au paragraphe 
pre cédent concernant la mesure par spectro- 
métrie-y restent ici valables. 


3. Sensibilité de la Méthode d’ Analyse par 


Activation pour le Dosage de ’ lode Sanguin 


Il ne nous est pas possible de la comparer 
angle a la méthode par réaction 
car nous n’avons pratiquement 
trouvé aucune donnée a ce sujet dans la 
littérature concernant cette derniére. La 
seule exception est la publication de La- 
CHIVER et LeLoup™ ot ces auteurs donnent 
pour leur méthode, autres 
une erreur moyenne de 3 a7 pour cent par 
défaut, pour des prises d’essais contenant 
0,002—0,2 ug. La limite inférieure de 0,002 
ug parait quelque peu optimiste et il ne nous 
semble pas que la méthode par réaction 
catalytique puisse, une précision con- 
venable permettre de doser des quantités 
inféricures a diode. 

La définition de la sensibilité de la méthode 
de dosage par analyse d’activation présente 
un certain degré d’arbitraire et plusieurs 
conventions différentes ont été avancées. II 
nous semble que la meilleure est de carac- 
tériser la sensibilité par la masse de l’élément 
qui, dans les conditions d’irradiation em- 
ployées et au moment de la mesure, donne 
1000 photons/min dans le cas du comptage-y 
par compteur a scintillation et 100 désinté- 
grations/min dans le cas du comptage de 
particules-f d’énergie maxima supérieure a 
0,2 MeV par compteur Geiger.“*!*% Ce 
point de vue est logique, si l'on considére que 
le mouvement propre total d’un compteur a 
scintillation convenablement blindé est de 
100 & 200 impulsions/min, celui d’un comp- 
teur Geiger du type cloche de 10 a 15 
impulsions/min et que dans la plupart des 
dispositifs l’efficacité globale de ces deux 
types de compteur est de 10 a 30 pour cent. 
Le critére choisi revient donc, en gros, a 
représenter la sensibilité par la masse de 
substance radioactive 4 doser qui, dans les 
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conditions de la mesure, double le nombre 
dimpulsions enregistrées par rapport au 
mouvement propre. 


(a) Methode par spectrométrie-y 


En tenant compte du rendement de 17 
pour cent de la raie a 450 keV et d’un délai 
de 15 min entre la fin de lirradiation et le 
début de la mesure pour effectuer l’extrac- 
tion au CCl,, 1000 photons/min correspon- 
dent, aux conditions de flux et de durée 
(irradiation que nous utilisons, a une 
quantité d’I'** de 1,7.10-%g. Avec une 
efficacité globale de comptage de 10 pour 
cent le taux d’impulsion dans le canal cen- 
tral du pic photoélectrique est alors de 
impulsion/min pour un mouvement propre 
de 2,2 imp/min et le calcul montre que pour 
une mesure d’une durée de 60 min l’écart 
standard relatif est de 11 pour cent. Si au 
lieu de Pamplitude, on utilise la surface du 
pic photoélectrique l’écart standard relatif 
descend a 5 pour cent. 

En réalité, sur le plan pratique on doit 
non seulement effectuer la mesure de la 
radioactivité de l’échantillon mais également 
celle du blanc et de l’étalon, ainsi qu’appré- 
cier pour les trois le rendement de la sépara- 
tion chimique. La quantité d’iode présente 
dans les réactifs nécessaires au traitement 
d’une prise d’essai est de ordre de 8. 10~® g. 
On peut priori penser qu'il ne sera guére 
possible de mesurer avec précision une 
quantité diode sanguin inférieure a celle qui 
se trouve dans les réactifs. D’autre part, au 
début de la mesure la radioactivité due a 
’I'* doit étre au moins cinq fois plus faible 
que celle due a I’I'*® de facgon que le pic 
photoélectrique de ce dernier se détache bien 
de celui de I’I'**, Dans ces conditions, on 
aura pour 8.10-*%g diode sanguin, le 
protocole opératoire suivant: 

Trente minutes sont utilisées aprés la fin de 
irradiation pour les opérations de sépara- 
tion chimique. 

La radioactivité du blanc 
alors de 25imp/min dans le 
avec un mouvement propre de 2,2 imp/min 
et une radioactivité de I! de 5 imp/min. 
La mesure du blanc est effectuée sur 30 min. 


de réactif est 
canal central 
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Aprés les opérations précédentes, la radio- 
activité de l’échantillon est de 22 imp/min 
pour toujours la méme valeur du mouvement 
propre et de la radioactivité de [, La 
mesure de l’échantillon est alors effectuée sur 
60 min. 

A ce stade, si l’on utilise un étalon de 0,1 
ug Wiode, la radioactivité de ce dernier dans 
le canal central du pic photoélectrique est de 
25 imp/min avec 2,2 imp/min pour le mouve- 
ment propre et de l’ordre de 5 imp/min pour 
’I'3!, La durée de la mesure sur I’étalon est 
alors de 60 min. 

Nous rappellerons ici que les mesures de 
radioactivité du blanc, de l’échantillon et de 
étalon doivent étre effectuées par l’inter- 
médiaire de lamplitude du pic photoélec- 
trique de I?*5 (nombre d’impulsions dans le 
canal central) et non de sa surface. Pappreé- 
ciation de cette derniére étant rendue difficile 
par suite de la présence du pic a 364 keV de 

Aprés quelques heures assurant la désinté- 
gration compléte de I'28, la radioactivité de 
['3! est mesurée pour le blanc, l’échantillon et 
étalon, par l’intermédiaire de la surface du 
pic photoélectrique 4 364 keV. Cette radio- 
activité est de l’ordre de 50 imp/min avec un 
mouvement propre de 44imp/min. La 
durée de chaque mesure est de 60 min. 

Si a partir des considérations exposées a 
la Section 3 du Chapitre C et du protocole 


précédent on calcule l’écart standard relatif 


de 8.10-*g d’iode on trouve 18 pour cent. 
On voit que par cette méthode la précision 
passe de 6 pour cent pour 1,18. 10-7¢ 
(Chapitre C) a 18 pour cent pour 8 . 10-* g. 
La sensibilité de la méthode par spectrom- 
étrie-y est donc en pratique, limitée a 10-8 g, 
limitation qui provient essentiellement du 
rendement d’émission a 17 pour cent des 
photons de I? et de la quantité d’iode con- 
tenue dans les réactifs. 


(b) Méthode par comptage-B 

Elle est affranchie des deux inconvénients 
que l’on vient de citer et par suite beaucoup 
plus sensible. 

Si on tient compte d’un délai de 30 min 
pour effectuer la séparation chimique de 
Piode aprés la fin de irradiation, 100 
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désintegrations/min correspondent a 4,3. 
10-" g d’iode. Avec une efficacité globale de 
comptage de 10 pour cent cette quantité 
correspond a 10imp/min. Le mouvement 
propre étant de 11 imp/min et la durée de 
la mesure de 60 min, l’écart standard relatif 
obtenu est de 9 pour cent. 

La encore, en pratique, il faut mesurer 
également la radioactivité de l’étalon et 
celle de pour l’échantillon et étalon. 
On a par example, pour 10-” g d’iode dans 
Péchantillon, en tenant compte d’une effica- 
cité globale de comptage de 10 per cent et 
de la présence d’un filtre d’aluminium, les 
résultats expérimentaux suivants. 

Echantillon 30 min apres la fin de l’irra- 
diation: 20 imp/min dues a F*2* avec un 
mouvement propre de 11 imp/min et une 
radioactivité de I" donnant 5 imp/min. 
L’échantillon est compté pendant 60 min. 

Etalon 90 min apres la fin de l’irradiation: 
40 imp/min dues a I"28 avec les mémes 
valeurs du mouvement propre et de I'*! que 
pour l’échantillon. L’étalon est également 
compté pendant 60 min. 

Aprés_ décroissance compléte de ['28 Ja 
radioactivité mesurée de pour |’échan- 
tillon et l’étalon par la surface du pic photo- 
électrique 4 364 keV donne environ 30 imp 
min pour un mouvement propre de 48 imp 
min. La durée de chacune des deux mesures 
de radioactivité de I'*" est de 60 min. 

Dans ces conditions, les considérations de 
la Section 3 du Chapitre C montrent que 
Pécart standard relatif est de 12 pour cent. 

On peut donc considérer que la sensibilité 
de la méthode par comptage-f est de 
cent fois supérieure a celle de la méthode par 
spectromeétrie-y. Avec une telle sensibilité il 
devient possible de doser la fraction non 
protéique de l’iode sérique, qui représente 
quelques centiémes de l’iode sérique total, 
Cette possibilité peut ouvrir des perspectives 
intéressantes dans l’étude du métabolisme de 
liode. 

Il n’est pas inutile de rappeler que les 
limites de 


sensibilité présentées ici sont 
essentiellement liées au flux de 6 . 10!2 n/em2 
sec que nous utilisons et que ces limites 


peuvent étre reculées en utilisant des flux 
plus élevés. 
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Nb. imp. (unites arbitraires) 


Sortie du réacteur: 14 min 
Temps de comptage: 2 min. 


arbitroaires) 


imp. (unites 


No 


Energies (unités orbitraires Energies (unités orbitraires) 


(b) Sortie du réacteur: 41 min (c) Sortie du réacteur: 81 min 
Temps de comptage: 3 min. Temps de comptage: 5 min. 


Sérum sanguin d’hyperthyroidien traité par résine échangeuse d’ions (amberlite IR 120 et IRA 400 
Canal 60 : pic de I’I'**, Canal 70 : pic d’annihilation du cuivre-64. 
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F. DOSAGE DE L’IODE PROTEIQUE SANGUIN SANS SEPARATION 
CHIMIQUE 


Un avantage de principe de la spectro- 
métrie-y de scintillation est possibilité 
théorique de doser un radioélément dans un 
mélange, sans séparation chimique préalable, 
grace a la spécificité de son spectre-y. En 
fait, cette possibilité se trouve réduite par les 
limites des spectrométres-y, au point de vue 
pouvoir de résolution et sensibilité. Par 
exemple, le photopic a 450 keV de I’I'?8 est 
indiscernable dans le spectre d’un échantillon 
de sang irradié, car il se trouve compleéte- 
ment noyé dans la fraction Compton des 
spectres d’éléments comme le sodium, le 
chlore et le brome, présents dans le sang en 
quantité pondéralement beaucoup plus im- 
portante que Viode. Comme ces éléments 
sont minéraux on peut espérer en éliminer 
une proportion suffisante, par simple passage 
sur des résines échangeuses d’ions conven- 
ables, pour que le photopic dd a Tliode 
protéique sanguin devienne visible et mesur- 
able. 

La Fig. 9 a trait au spectre d’un sérum 


sanguin de sujet hyperthyroidien, irradié 30 


min a 6.10! n/cm*sec, aprés passages 
successifs sur résine Amberlite IR 120 pour 
éliminer les cations et IRA 400 pour les 
anions. On voit que le pic de I’I'** (période 
25 min) devient parfaitement visible 4 céte 


du pic d’annihilation du cuivre 64 (période 
12 hr) provenant de la céruléoplasmine. Son 
amplitude est suffisante pour permettre de 
doser Tiode protéique de ce sérum par 
comparaison avec un étalon. II] s’agit dans 
cet exemple d’un sérum de sujet hyperthy- 
roidien. Au taux ou se trouve l’iode protéique 
chez un sujet normal et a fortiori chez un 
sujet hypothyroidien, il semble, d’aprés nos 
expériences préliminaires, que la fraction 
Compton du spectre die aux ions résiduels 
apres passage sur résine est encore suffisam- 
ment intense pour “noyer” le pic de I’I'?8 
da a Diode protéique. Une tete détectrice 
permettant la suppression de la fraction 
Compton des spectres-y de scintillation, 
suivant le principe décrit par Person“? est 
actuellement en cours de réalisation dans 
notre Service, pour étre adaptée a l’analyseur 
a 100 canaux dans l’espoir d’obtenir un pic 
photoélectrique utilisable de l’I’** dans tous 
les types d’échantillons de sérum sanguin, 
apres simple passage du sérum sur résine 
échangeuse, suivie de l’irradiation. Si cela 
s’avérait possible on éviterait dans le dosage 
de liode protéique sanguin la longue et 
délicate séparation chimique actuellement 
nécessaire. 
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L’objet du travail est de définir les conditions qui doivent étre satisfaites par un laboratoire 
spécialisé, dans la mesure de trés faibles activités (~10~® we/g) et identification par spectro- 


métrie d’impuretés radioactives. L’abaissement maximum du mouvement propre des détec- 


teurs, est l’objectif recherché. De l’analyse et des expériences faites, il découle qu’une protec- 


tion doit étre réalisée simultanément contre: les rayons cosmiques, par des moyens électroniques 


et par absorption dans des conditions qui sont précisées; la contamination des matériaux par 
| 


une sélection sévére; le rayonnement ambiant par une alimentation continue en air filtré, 


complétée dans le cas de certains détecteurs-x, par une protection de ceux-ci, par un gaz 


rigoureusement inactif. 
BASIC CHARACTERISTICS OF A LABORATORY DESIGNED FOR i 
MEASURING VERY LOW ACTIVITIES : 
The purpose of this study is to define the conditions which must be fulfilled by a laboratory 4 
which specialises in the measurement of very low activities (about 10~® wc/g) and the spectro- ; 
metric identification of radioactive impurities. The aim sought is the greatest possible reduc- eo 


tion of the detector background. From analysis and from experiments carried out it follows 


that simultaneous protection must be achieved against: 


cosmic rays—by electronic means and by absorption under specified conditions, 


contamination of materials—by rigorous selection, 


ambient radiation—by the continuous supply of filtered air and in addition, in the case of 


a-detectors, by the protection of these with the use of a strictly inactive gas. 
OCHOBHbIE XAPARTEPHCTHRE -IABOPATOPHH JL1H 
CIABLIX ARTHUBHOCTER 


HSMepeHHA O4eHL akTuBHocTell (~10-* 


(OcHOBHOe BHUMAHHe ObITh Ha OT (pona, 
KOC MHYVeCKHX Kak Tan H HVTeM Hor. leH- 


OT PalMOAKTHBHOCTH CpeAbl B iTpyouleMcA BOSAYXe, 


WHepTHb ras. 
GRUNDSATZLICHE MERKMALE EINES ZUR MESSUNG VON SEHR 
SCHWACHEN STRAHLUNGSOUELLEN BESTIMMTEN LABORS 


Der Zweck dieser Arbeit ist die Bestimmung der notwendigen Bedingungen welche ein Labor 
erfullen muss das sich hauptsachlich mit der Messung sehr geringer Aktivitaten nebst der 


spektrometrischen Feststellung radioaktiver Verseuchungen befasst. 
Das gesuchte Ziel ist die grosst-mochlichste Verminderung des Detektorenhintergrundes. 
Analyse sowie ausgefuhrte Versuche zeigen dass fur gleichzeitigen Schutz gegen folgende 


Storungen gesorgt werden muss: 
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Kosmische Strahlen 


Verseuchung des Materials 
Strahlung der Umgebung 


Hier helfen elektronische Mittel und Absorption unter genau fest- 
gestellten Bedingungen. 

Scharfe Auswahl giebt Abhilfe. 
Schutz durch fortlaufende Zufuhr von filtrierter Frischluft. 


Im 


Falle von «-Detektoren, zusatzlicher Schutz durch Gebrauch 


eines vollkommen inerten Gases. 


Les MEsUREs d’activités a trés faible niveau 
(10~® ue/g) nécessitent, condition essentielle, 
des détecteurs 4 mouvement propre le plus 
réduit possible. Pour atteindre cet objectif 
il est donc nécessaire de réduire les effets 
respectifs des trois origines du mouvement 


I. PROTECTION CONTRE LE 


A. Composition du Rayonnement Cosmique 

Il est admis que ce rayonnement 
constitué par deux composantes. 

(1) Rayonnement primaire. Formé essentieclle- 
ment de protons (85—90°,,), neutrons, parti- 
cules-x et ions lourds (10 Z =< 30). Ce 
rayonnement est trés rapidement absorbé dés 
qu il pénétre dans l’atmosphére. 

(2) Rayonnement cosmique secondaire. I\ ré- 
sulte des interactions du précédent avec les 
noyaux de la haute atmosphére. Sa com- 
position est complexe et dépend de l’altitude 


est 


propre: le rayonnement cosmique; la 
contamination des matériaux, et le rayonne- 
ment ambiant du laboratoire. 

La technique a mettre en oeuvre présente 
donc un triple aspect; nous examinerons 
successivement chacun d’eux. 


RAYONNEMENT COSMIQUE 

(Fig. 1); au niveau de la croute terrestre il 
est essentiellement formé de nucléons, d’élec- 
trons, de photons et de mésons. Les énergies 
se situent dans un domaine étendu (1 MeV 2 
10" MeV); la valeur moyenne de l’activité 
est de ordre de | particule/min/cm?. 

Rappelons rapidement quelques données 
relatives 4 ces constituants. 

Les mésons, qui résultent généralement 
d’interactions noyaux-protons ou noyaux 
photons sont instables (7 = 10-* a 10-7 
et se transforment selon des modalités qui 


sec 


Fic. 1. 


Intensité du rayonnement cosmique 
en fonction de l’altitude. 


Impulsions /sec 


Altitude 
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dépendent de leur énergie et du Z du 
milieu au sein duquel se produit cette 
transformation. 

i) Transformation par capture électro- 
nique: pour les mésons négatifs lents et les 
milieux a Z élevé: 


méson 
méson 7 


L’énergie des neutrons libérés est de l’ordre 
de plusieurs MeV. 

‘1i) Décomposition des mésons dans les 
milieux 4 Z peu élevé. Ces décompositions 
aboutissent finalement—aprés une ou plu- 
sieurs étapes successives, selon le cas, a la 
formation d’électrons et de photons. 

La transformation par capture électro- 
nique et la décomposition ont méme probabi- 
lité pour Z 13. 

L’ensemble des deux processus aboutit 
donc, globalement, a la formation d’élec- 
trons, de neutrons et de photons. 

A cette action du milieu sur les mésons 
s’ajoute celle sur les électrons et les photons 
de grande énergie qui se manifeste en 


consequence de processus successifs par la 
formation de gerbes d’électrons. Si bien que 
le rayonnement cosmique au niveau de la 
mer comprend des neutrons, des photons, 
des électrons et les mésons n’ayant pas encore 
réagi sur le milieu; ces mésons ont des 
énergies comprises entre | MeV et 10 BeV. 


B. Protection contre le Rayonnement Cosmique 


Deux modes d’atténuation sont envisage- 
ables: absorption par des matériaux de 
nature et d’épaisseur convenables, et inter- 
ception électronique par gaine de compteurs 
en anticoincidence avec le détecteur. 

Pour faire le choix entre ces deux techni- 
ques il est indispensable d’analyser leur 
comportement respectif a l’égard des diverses 
composantes du rayonnement cosmique. 


Atténuation par écran absorbant 


‘a) Absorption des mésons. Le Tableau | 
donne, pour différentes énergies des mésons, 
le parcours correspondant dans différentes 
substances. 


Ce Tableau met en évidence l’intérét d’un 
laboratoire souterrain. 

‘b) Protection contre les neutrons. Ceux-ci 
proviennent en partie de la décomposition 
mésique, en partie de réactions dn, pn et 
méme yn si l’énergie des photons dépasse 
6 MeV. Ces neutrons eux-mémes peuvent 
provoquer des réactions nucléaires, ny par 
exemple, dans les milieux traversés. 

Une épaisseur de 20 cm de paraffine suffit 
a absorber les neutrons énergiques. Si cette 
paraffine est disposée immédiatement autour 
du détecteur, celui-ci n’est plus protégé 


|. Parcours des mésons 


Energie 
\bsorbant 
100 MeV 1 BeV 10 BeV 
Plomb 5,4 cm 70 cm 5m 
Fer 6 cm 85 cm 7m 


Béton 15 cm 240 cm 18m 


Fau 30 cm 500 cm 10 m 


contre les y issus de réactions ny. En outre, le 
nombre de compteurs de la gaine anticoin- 
cidence, dont il sera parlé plus loin, est 
notablement augmenté ainsi que le volume 
et le poids de la protection. Aussi, avons- 
nous adopté l’ordre suivant: protection de 
20 cm de paraffine—gaine anticoincidence 
protection de paraffine de 3 a 5 cm, selon la 
dimension de la chambre de_ travail 
détecteur (Fig. 2 

(c) Protection contre les gerbes d°électrons. 
BHABHA et Herrcer™’ CARLSON et OppEN- 
HEIMER') ont développé des théories appro- 
chées donnant en fonction de l’épaisseur de 
absorbant, le nombre moyen d’électrons et 
de photons de la gerbe. On mesure l’épais- 
seur de l’absorbant, non pas en cm, mais 
en longueur de radiation (ou unités de 
cascade) définie dans l’équation ci-aprés: 
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Paraffine 
Vieux plomb 


Couronne de compteurs en anticoincidence 


Mercure 
Echelle; JQcm 
Fic. 2. Protection ensemble mesures f. 
Cette unité est pour un absorbant déter- 
miné, la distance que doit parcourir un 


électron rapide pour perdre par Bremstrah- 
lung, une énergie égale 4 — fois son énergie. 


On deéfinit également une énergie 6 qui 
est telle qu'un électron possédant cette 
énergie subit, par unité de longueur, respec- 
tivement par collision et par radiation, des 
pertes égales. 

Cette énergie © dépend évidemment de la 


ir 


nature de l’absorbant (Z). 


Fic. 3. Courbe de gerbes. 


La perte d’énergie par collision est 
= 
‘ 


dx me 


onl 
jlog 0,125). 


Celle par radiation est 


dE 
| dx 


En égalant ces deux expressions, on obtient 
pour chaque absorbant l’énergie critique 
E.. En prenant cette grandeur, comme 


unité: 


ck. (3) 


Le Tableau 2 donne les unités de cascade 
L et les valeurs de FE, pour un certain nombre 
de matériaux absorbants. 


2 


Air 
r.P.N. 


\bsorbant Eau 


L (cm 34,200 13.4 


(Me\ 103 


Supposons q’un électron d’énergie @» 
pénétre dans un absorbant dont l’énergie 
critique est E,. 

Au bout de & longueurs de radiation on 
trouvera par exemple 7 particules d’énergie 
supérieure 4 une énergie donnée. La Fig. 3 
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donne le logarithme de ce nombre en 
fonction de §&®* le paramétre d’énergie 


correspondante étant 


Ces données permettent de prévoir la 
protection nécessaire contre les gerbes d’élec- 
trons. Nous examinerons successivement 
deux cas. 

i) Laboratoire au niveau de sol. E.paisseur 
d’absorbant telle qu’aprés sa traversée, il ne 
reste plus de la gerbe, au plus qu’une seule 
particule d’énergie égale ou supérieure a 
une énergie donnée E. 

Soit par exemple E = 0,1 MeV; suppo- 
sons qu'une particule cosmique initiale de 
102 BeV soit interceptée par un écran de 
plomb. 

10° MeV 


Energie initiale 
° 6.93 


= 1,44. 104 


et 


Og 
log = 5,16. 


On voit, d’aprés la Fig. 3 que c’est pour 
une épaisseur d’écran de 37L qu il ne 
restera qu'une seule particule d’énergie 
supérieure 4 0,1 MeV. Pour le plomb ceci 
correspond a 37 « 0,525 = 19 cm. 

Le Tableau 3 donne pour différentes 
énergies les épaisseurs d’écran de différentes 
substances ne laissant subsister qu’une seule 
particule d’énergie supérieure ou égale a 0,1 
MeV. 

Ces résultats appellent une remarque 
relative 4 ’équivalence des matériaux absor- 
bants. Nous voyons en effet qu’il faut au 
minimum pour obtenir des effets équivalents, 
trois fois plus de fer que de plomb. Ainsi, 


TABLEAU 3 


Energie initiale du cosmique 
\bsorbant 


10? BeV 10* Be\ 10° Be\ 


Plomb 19 cm 36 cm 


118 cm 


59 cm 


Béton 810 cm 1300 cm 1860 cm 


2700 cm 3400 cm 


Eau 


2100 cm 
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pour protéger une chambre de travail de 
+O 40 x 50cm contre les particules cos- 
miques incidentes de 10? BeV, il faudrait une 
protection de 5 tonnes de plomb ou de 30 
tonnes d’acier. 

Laboratoire souterrain. 11 est clair qu'un 
laboratoire souterrain doit permettre de 
réduire sensiblement les chiffres, précédents, 
si ce local se trouve suffisamment au dessous 
du niveau du sol. Nous avons procédé a des 
essais dans un local, enterré d’environ 25 m. 
Cette épaisseur de terre correspond a une 
épaisseur de béton d’environ 16m, soit 
1600 

33 50 L. 

D’une gerbe provoquée par une particule 
de 107 BeV, particule parmi les plus énergi- 
ques, il subsistera: 

1 BeV 
- 100 MeV 
- 10 MeV etc... 

Il suffit dans ces conditions de prévoir une 
protection complémentaire simplement con- 
tre des cosmiques de | BeV. Les épaisseurs 
nécessaires, pour ne laisser subsister que des 
électrons de 0,1 MeV (ou moins) sont: 


| particule d’énergie 
30 particules d’énergie 


3000 particules d’énergie 


pour le plomb: 10,5 cm (20 L 
pour le fer: 27,5 cm (15 L). 

Les poids correspondants relatifs a l’en- 
ceinte de travail caractérisée plus haut, sont 
considérablement plus faibles que pour un 
laboratoire au niveau du sol. 

iii) Quelques résultats expérimentaux. Nous 
avons effectué pour deux types de détecteurs, 
des d’atténuation du mouvement 
propre exclusivement par absorption du 
rayonnement cosmique dans différentes con- 
ditions. 

La premiére série d’essais concerne des 
compteurs a scintillations; modéle courant 
sans sélection préalable, et sont résumés dans 
le Tableau 4. 

Compteur n° |: photomultiplicateur 
AVP cristal Nal(Tl) 14 in. 

Compteur n° 2: photomultiplicateur 
AVP + cristal Nal(Tl) 1} 2 in. 

Compteur n° 3: photomultiplicateur 
AVP cristal Nal(Tl) 4 3 in. 

Les chiffres de ce Tableau mettent en 


essals 
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TABLEAt 


mesure de trés faibles activités 


Conditions 


Au sol 


sans protection 


Compteur n 


6840 c.p.m. 


Mouvement propre de 20 keV a 


l Compteur n° 2 Compteur n° 3 


15150 c.p.m. 37000 c.p.m. 


25 m 


sans protection 


A —2 


2418 c.p.m. 


Au sol + protection 10 cm Pb 186 c.p.m. 


5m protection 10 cm Pb 37 ¢.p.m. 


6200 c.p.m. 12100 ¢.p.m. 


533 ¢.p.m. 


260 c.p.m. 2890 c.p.m. 


5 


Conditions de mesure 


Laboratoire au sol 


protection 10 cm Pb 


Laboratoire souterrain 


protection 10 cm Pb 


Valeur de R 


photons de hte énergie, E 2 MeV 


mouvement propre de 20 keV a x 


Compteur n° | Compteur n° 2 Compteur n° 3 


10°, 


6 


Conditions de mesure 


Laboratoire 


Laboratoire souterrain + protection 10 cm Pb 


Laboratoire souterrain 


protection 


Laboratoire souterrain 10 cm Pb 5 cm Hg 


»>c.p.mM. 


Mouvement propre 


Compteur 13 A7 (1 Compteur 10 C8 (2 Compteur 47 (3 


Laboratoire au sol protection 10 cm Pb 14 ¢.p.m 70 c.p.m. 36 c.p.m. 


souterrain sans protection 8 c.p.m. 32 c.p.m. 20 c.p.m. 


10 ¢.p.m. 7 c.p.m. 


électronique 0,8 c.p.m. 2,2 c.p.m. 


0,5 c.p.m. 


évidence l’intérét considérable du laboratoire 
souterrain. 

En associant un sélecteur d’amplitude a 60 
canaux aux compteurs précédents, nous 
avons déterminé le rapport: 


photons d’énergie supérieure 4 2,3 MeV 


R 


bruit de fond global 


Les résultats sont reproduits dans le 
Tableau 5. 


les résultats obtenus par Manov™? avec un 
compteur a scintillation, comparable en tout 


Rappelons pour mémoire, a titre indicatif 


point a notre compteur n° 1 (P.M. Dumont 
6292—cristal NaI(Tl) 14 + 1 in.), dans un 
laboratoire au sol: 

mouvement propre global sous 20 cm de 
fer: 90 imp./min 

R: 20%. 

La deuxiéme série d’essais a porté sur des 
compteurs G.M. de différents types (Tableau 
6). 

1) Compteur a fenétre de 2 mg/cm?. 

.2) Compteur cylindrique de 80cm de 
long. 

(3) Compteur a circulation de gaz’. 


3 
= 
é 
i 
Ol 
VUlie 
961 
i 
oe 
g 
7 
‘ 
3 


110 B. Grinberg et Y. Le Gallic 


(2) Atténuation du mouvement propre par protec- 
tion électronique 

La protection par absorption permet, 
comme on vient de le voir; de réduire con- 
sidérablement le mouvement propre, mais on 
ne peut descendre au-dessous d’une valeur 
limite si l’ons’en tient a des épaisseurs d’écran 
raisonnables. Les particules non absorbées 
qui sont a la fois trés pénétrantes et ionisantes 
doivent étre éliminées par un autre procédé. 
Une gaine de compteurs intercepteurs, 
disposée entre le détecteur et le blindage 
extérieur est montée en anticoincidence par 
rapport au détecteur. 

Cette méthode classique a été 
décrite.‘*.”) Il nous parait cependant utile de 
type de 


souvent 


souligner quelques aspects de ce 
protec tion. 

a) Coincidences fortuites. Il peut se faire 
qu’un rayon émis par la source atteigne le 
détecteur a Vinstant méme ou un rayon 
cosmique traverse un des compteurs de la 
gaine; le dispositif d’anticoincidence sera 
déclenché et l’émission de la source ne sera 
pas comptee. 

Le taux de coincidences fortuites est 


¢ = 20N,N, 


7) temps de résolution du dispositif a 
anticoincidence 


N, = taux de comptage de la gaine 
N, = taux de comptage du detecteur. 


La perte relative de comptage est donc 
20N,N.,/N,. = 20N,; pour la rendre la plus 
faible possible il faut: (i) dune part réduire 
§, tout en le maintenant supérieur au temps 
mort du détecteur; cette derniére condition 
limite rapidement le gain qu’on peut espérer 
d’une diminution de 6. (ii) Que ,, soit 
faible, condition d’autant mieux réalisée que 
le blindage extérieur est plus efficace; ceci 
met de nouveau en évidence le grand intérét 
du laboratoire souterrain. 

Le Tableau 7 donne les résultats que nous 
avons obtenus avec une gaine de 40 comp- 
teurs 10 C8 (L.C.T.) et un temps de résolu- 
tion 9 = 500 usec dans différentes conditions. 

(b) Coincidences vraies. Lorsque la radio- 
nucléide 4 mesurer est émetteur-/,y il y a une 


PABLEAU 7 


Conditions expérimen- m.p. total de Perte relative 


tales la gaine 20N, 


Labe au niveau du sol 


gaine non protegee 12.000 ¢.p.m 20° 
Labe au niveau du sol 

gaine protégée par 2.800 ¢.p.m ‘7° 
10 cm Pb 
Laboratoire souterrain 

gaine protegée par 400 « -p.m. 0.6 ° 


10 cm Pb 


certaine probabilité pour qu’un des comp- 
teurs de barrage délivre une impulsion due a 
un y en coincidence avec Pimpulsion f du 
détecteur. 
Si p, est la probabilité de 
detecteur 
p, est la probabilité de detection de la 
gaine 
A Vactivité en d.p.s. de la source, 
le nombre de coincidences est P,p.A, dans le 
cas d'une radionucléide émettant ly par / 
(Au!) et 2p,p,.A dans le cas d’une radio- 
nucléide émettant 2y par #(Co™). La perte 
relative de comptage qui en résulte est, dans 
le premier cas 


détection du 


Pe 

Ainsi, pour une telle mesure effectuée au 
compteur 47, avec p, 1; p. = 0,08, on a 
une perte relative de 8 pour cent. 

Ceci montre combien il est important dans 
le cas des émetteurs-f,y et ce sont les plus 
nombreux, d’interposer entre gaine et source 
un écran, absorbant de facon efficace les y. 
Une épaisseur de 6 cm de plomb qui atténue 
de 98 pour cent un faisceau y de 1 MeV nous 
parait raisonnable; c’est celle que nous 
avons adoptée. 


C. Quelques Résultats Expérimentaux 


Une couronne de 48 compteurs 10 C8, en 
anticoincidence avec le détecteur a permis de 
réduire le mouvement propre exprimé en 
c.p.m. de: 

5 a 0,8 pour un compteur a fenétre 13 A7 


(L.C.T. 
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12 a 1,5 pour un compteur CC 50 intertech- 
nique 

7a0,5 pour un compteur 47 a circulation 
gazeuse. 

Conclusions. De ce qui précéde il résulte 
que: Pabsorption “totale’’ des rayons cosmi- 
ques par un simple blindage est pratiquement 
impossible; interception, uniquement par 


Nous examinerons le cas de trois matéri- 
aux: le béton dont la présence est 4 peu prés 
inévitable dans le cas des laboratoires souter- 
rains, le fer et le plomb, absorbants types. 

(1) Béton. La composition du_ béton 
ordinaire est approximativement la suivante: 
eau (8%), ciment (18 %), sable (28 %), 
gravier (46 °, 

Le sable et le gravier contiennent en pro- 
portion appréciable de Turanium et du 
potassium-40; en outre il est probable que 
les constituants du béton sont plus ou moins 
contaminés par les retombées radioactives. 

Le béton est donc inévitablement plus ou 
moins actif et il est nécessaire de protéger 
installation de mesure a faible mouvement 
propre contre le rayonnement de ce maté- 
riel. On y parvient en interposant un écran 
de matériau véritablement inactif d’epaisseur 
suffisante. 

(2) Fer. Il a été constaté que les aciers 
produits aprés 1953 sont notablement plus 
actifs que les aciers plus anciens et particu- 
li¢rement que ceux antérieurs a la deuxiéme 
guerre mondiale. Cette contamination sem- 
ble due principalement a la présence de 
terres rares; dans les aciers courants on 
décéle fréquemment du thorium et du 
ruthénium 106. Manov a observé pour 
les briques d’acier courant, des activités 
allant de 10 a 500 c¢.p.m. Nous avons nous 
méme constaté que lacier inoxydable était 
environ 2,5fois plus actif que l’acier ordinaire. 

C’est ainsi, qu’en remplagant un boitier de 
photomultiplicateur de laiton par un boitier 
en acier, le mouvement propre augmentait 
de 32 a 39c¢.p.m. Or toutes les mesures 
effectuées jusqu’ici montrent que le laiton est 
beaucoup plus actif que l’acier inoxydable. 
Les fers et aciers utilisés comme matériaux de 
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gaine a anticoincidence est insuffisante et 
conduirait 4 des mesures sans signification: 
la seule solution raisonnable et efficace 
réside dans l’association des deux types de 
protection, l’efficacité étant d’autant plus 
grande, pour un blindage donné que le 
laboratoire est plus profondément enterré. 


protection doivent donc étre sévérement 
sélectionnés. 

(3) Plomb. Manov“ indique que l’activ- 
ité des plombs courants qu’il a examinés 
variait, selon l’echantillon de 10 4250 c.p.m./ 
g (rapport des valeurs extrémes: 25). Nous 
avons examiné 100 échantillons de prove- 
nance différente (le Tableau 8 donne les 
résultats de quelques unes de ces mesures) ; 
les activités observées, dans nos conditions 
expérimentales allaient de | a 300 d.p.m./g 
(rapport des valeurs extrémes: 300). 


rasieau 8 


Echantillon Origine Activité 
B5 Brique 5 kg antimonie 78 d.p.m./g 
Bll Brique 11 kg non 29 d.p.m./g 

antimonie 
Plomb courant CEN 285 d.p.m./g 
Saclay 
316 Plomb courant* 90 d.p.m./g 
172 \ffinage spécial* 1 d.p.m./g 
173 Chateau 18éme siécle* 8 d.p.m./g 
Bx \ffinage spécial* 1,5 d.p.m./g 
BNB Jatiments Nationaux 96 d.p.m./g 
belge st 
B\ tassins de Versaillest + d.p.m./g 
GR Galéres Romaines + d.p.m./g 


* Société LEMER— Nantes. 
* Société SOTRAMA. 


Nous avons procédé a lanalyse par 
spectrographie de masse de trois de ces 
échantillons: 

échantillon n° BV: plomb datant du 17 
siécle A: 4 d.p.m./g 

échantillon n° 172: plomb récent mais 
affiné spécialement A: | d.p.m./g 

échantillon n° 516: plomb courant A: 
90 d.p.m./g. 

Ces activités ont été déduites de l’activité 
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TABLEAU 9 


Echantillons de | Impureté Impuretés 


plomb principale secondaires 


N° 516 Sb Sn—Bi Na 


90 d.p.m./g 


Impuretés en traces 


N° BV Sn Ca—Cu Ag—Al 

t d.p.m./g Fe—Mg 
N° 172 Ag—Cz 

d.p.m./g 


Impuretés en faibles traces 


Br—Cd—Cr As—Ba—Co—K—In 
Mn—Na—Ni—Si Ti—TI—V—Zn 
Cu—Na Br—Cd—Co—Cr 


Fe—Ni—Si—Ti—TI—V 


Ag As Ba Ca Cd Co 
Cr—Cu—Fe—Mg—Ni—Si—V 


et de l’autoabsorption. 

Les différentes impuretés décelées par la 
spectrographie de masse sont indiquées au 
Tableau 9. 

L’ activité relativement importante de l’éc- 
hantillon 516 est en grande partie imputable 
a l’antimoine, comme lont par ailleurs 
montré les mesures que nous avons faites sur 
les antimoines plus ou moins affinés. 


antimoine affiné 4295 °,, A = 204 d.p.m./g 


antimoine affiné a 99°, A = 29 d.p.m./g 


antimoine affiné a 99,5 °,, 
A = 17,5d.p.m./g 


antimoine affiné a 99,99 
A = 5,2 d.p.m./g. 


Mais la contamination par l’antimoine 
n’est pas seule responsable de l’activité des 
plombs. 

Celle-ci peut étre due en partie a des 
radioéléments présents dans le minerai 
d’origine, tel que l’uranium. Si celui-ci 
n’est pas séparé au cours de l’affinage, on le 
retrouve avec ses descendants au sein du 
plomb. Si au contraire l’uranium est séparé 


apparente en tenant compte de la géométrie 


au cours de laffinage, le plomb 210 isotope 
radioactif (7 = 22 ans) sera seul pratique- 
ment des descendants a subsister. Il semble 
done qu’il y ait interét a utiliser des plombs 
tres anciens, afin de réduire au maximum la 
teneur en Pb?", 

Mais l’activité du plomb peut également 
étre due a une contamination accidentelle. 
Nous avons ainsiobservé pour des échantillons 
de plomb provenant de toitures de monu- 
ments nationaux belges du 18° siécle une 
activité relativement élevée, 56 d.p.m./g 
imputable probablement aux retombées 
radioactives. 

Pour le choix des matériaux de protection 
Vordre préférentiel nous parait étre: 

(1) plomb: ancien ou spécialement affiné 

2) fer, aciers, élaborés avant 1940 

(3) béton. 

Cet ordre n’est fondé que sur les activités 
respectives de ces matériaux. II faut cepen- 
dant noter, qu’a pouvoir absorbant égal, une 
protection de fer coite au moins trois fois 
plus cher qu’une protection de plomb. Cette 
observation renforce les raisons de l’ordre 
préférentiel proposé, 


III. CONTAMINATION DES MATERIAUX UTILISES DANS LA CONSTRUCTION 
DES DETECTEURS 


Nous examinons successivement les cas 
respectifs du compteur G.M. et du compteur 
a scintillation, qui sont les détecteurs 
généralement utilisées pour les mesures 
d’activité a faible niveau. 


A. Compteur G.M. 


Les principaux constituants sont des 
métaux, aluminium, fer, cuivre, laiton, acier 


inoxydable. 

Nous avons comparé, du point de vue de 
lactivité-6 des échantillons de différents 
métaux; les mesures ont été faites avec une 
installation a faible mouvement propre 
Tableau 9). 

Le cuivre électrolytique est le moins actif; 
viennent ensuite le fer doux, l’acier inoxy- 
dable etc. ... 
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Pasieau 10 


Aluminium 
pur 


Echantillon Duraluminium 


Activité (c.p.m./g 11 


Fer doux Acier inoxydable Laiton Cuivre pur 


3,1 


B. Compteur a Scintillation a4 Nal(T1) 

Les principaux constituants sont: le métal 
des boitiers, le scintillateur, le métal du 
réflecteur, la fenétre du cristal, le verre ou le 
quartz constituant la photocathode. 


(1) Contamination des boitiers 


(a) Boitier du P.M. Nous avons remplacé 
les boitiers standard en laiton par des boitiers 
en acier inoxydable. 

(b) Boitier du cristal. Nous avons substitué 
au boitier standard en aluminium, un boitier 
en acier inoxydable ou en cuivre pur selon la 
cas. 

Scintillateur 1} x lin. boitier Al, m.p. 

global: 39 c.p.m. 
Scintillateur 14 = lin. boitier acier in- 
oxydable, m.p. global: 32 c.p.m. 
Scintillateur 13 » 2 in. boitier Al, m.p. 
global: 260 c.p.m. 


Scintillateur 1} » 2 in. boitier cuivre pur, 
m.p. global: 192 c.p.m. 


(2) Contamination des verres 


Deux photomultiplicateurs de méme type 
(53, A.V.P.) mais faits de verres différents 
(verre n° 1 et verre B40) ont été comparés 
du point de vue du mouvement propre (Fig. 
+t): le m.p. passe de 37 c.p.m. pour le verre 
B40 a 42,8 pour le verre n° 1; la contamina- 
tion en K* est beaucoup moins forte pour le 
B40 que pour le verre n° 1. la surface du pic 
photoélectrique passant de 0,9¢.p.m. a 
2,25 c.p.m. 

Nous avons d’autre part mesuré l’activité-p 
de plusieurs fenétres de photomultiplicateurs 
53 AVP en verre B40: 


activité 35 d.p.m./g 


1,65 % 


teneur correspondante en K* 


TY 


| 


Coups /min 


r 


Energie, 


Mey 


Fic. 4. Contamination des photomultiplicateurs. 
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teneur en potassium déterminée par photo- 
métrie de flamme 1,43 °,. 
Il semble résulter de ce qui précéde, une 
contradiction entre les mesures f et les mes- 
ures y du B 40. Ceci résulte en fait du schéma 
de désintégration (rapport de branchement: 
89°, de P- et 11°, de y) il faut noter, en 
outre, que la contamination par le K® a 
beaucoup plus d’importance pour la fenétre, 


Tasieau 


Teneur en potassium obtenue par 
Echantillon 


Mesure d’activité Analyse chimique 


que pour la photocathode, car pour les /, 
seuls ceux de la fenétre agissent sur le scintil- 
lateur alors que pour les y il n’y a pas de 
différence a cet égard, entre les deux cas. 

En raison de l’importance de ce probleme, 
nous avons testé différents verres, en opérant 
sur des disques de 50 mm de diameétre et 4 
mm d’épaisseur. 

Les chiffres du Tableau 11, montrent: 
qu’on gagne un facteur 15 en éliminant K”; 
que l’activité est due en partie a un élément 
autre que K*®; en effet, l'accord entre les 
mesures d’activité et analyse par photom- 
étrie de flamme, satisfaisant aux fortes 
teneurs en potassium, ne subsiste plus aux 
faibles teneurs. Ceci tient a ce que les 
activités ont été calculées en les supposant 
dues exclusivement a du potassium; si cette 


B. Grinberg et Y. Le Gallic 


TABLEA 


hypothése n’est pas exacte l’erreur qui en 
découle n’est pas négligeable. 

L’analyse spectrométrique a confirmé les 
mesures P et mis en évidence un certain 
nombre de radionuclide: Pb?!*, Bi?!?. 

Nous avons en outre mesuré l’activité des 
différents constituants des verres a faible 
teneur en potassium étudiés plus haut. Les 
résultats obtenus sont recapitulés sur le 
Tableau 12. 

(3) Contamination du réflecteur entourant le cristal 

Les réflecteurs couramment utilisés sont 
lalumine et la magnésie; les mesures 
effectuées sur ces deux oxydes ont donné les 
résultats suivants: 
Al,O,, 


activité 1,2. 


activité = 0,5. 10~-® we/g. 
(4) Contamination du cristal Nal(T1 

Les mesures d’activité-f effectuées sur des 
disques Nal de diverses provenances ont 
donné les résultats ci-dessus: 

cristal standard—-Harshaw, 6 d.p.m./g 
Quartz et Silice, 

t d.p.m./g 


cristal standard 
cristal amélioré—Quartz et Silice, 
0,6 d.p.m./g. 
Les mesures d’activité-y font également 
apparaitre une contamination importante 
des cristaux Nal(Tl) Fig. 5. C’est ainsi 
qu’une étude comparée de 2 cristaux 4 2 
in. (Tableau 13) nous a permis de déterminer 
la contribution du K a cette contamination. 
Cette contribution correspond a une 
teneur du sel en potassium de 6 p.p.m, 
environ; en abaissant cette teneur a | p.p.m., 


u 12 


Constituant 


Silex brove 26 
Nitrate de sodium 1.6 
Sable de Nemours 26 
Alumine 1.8 
Acide borique 12 
Borax 32,1 
Minium 0.3 
02 


Antimoine 


Activité-/ \ctivité-y 


15. 10°° 2,9. 10°* pne/g 
2.5.10°* ne/e 

1.4. 3.3. 10°* 
0.6.10 g 
0.9 .10°* ne/e 


1.10 g 


2. 10°* ne/e 


0,75 . pe/g 
0,1 . 10°* 
0.4. 10°-* ne/e 
0,24. 10-* 


0,5. 10-* pne/g 0,4. 10-* 


¥ 
: 
VOI 
7 
MO 2A +8 +.73 
MON’ 1 +3 12 
B 40 1.65 1.43 196° 
MON 2 0.35 0.29 
MON 3 0.23 0.1% 
“4 
2 
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nous avons obtenu pour un cristal 4 3 in. 
(Quartz et Silice) un mouvement propre 
global de 500 c.p.m. pour des énergies com- 
prises entre 20 keV et D. 

Il semble actuellement difficile d’abaisser 


encore la teneur en potassium des cristaux 
Nal(Tl), par contre une amélioration sen- 
sible devrait étre obtenue en éliminant au 
maximum les éléments de la chaine du 


| 
| 
| 
| 
| 


Contamination des scintillateurs Nal(T1). 


l in. (Quartz et Silice 
1 in. (Harshaw). 


cristal |} in. 


Courbe 2—cristal | } in. 


Courbe |! 


13 


m.p. global 20 keV a Repartition du mouvement propre 


Cristal Nal (TI 


x 


standard 1862 c.p.m. 


ameélioré 


513 ¢.p.m. 


Contribution m.p. résiduel 


1554 c.p.m. 308 c.p.m 


206 c.p.m. 307 ¢.p.m. 


IV. RADIOACTIVITE AMBIANTE DU LABORATOIRE 


Elle a trois origines: sources parasites; 
émanations radioactives naturelles, et retom- 


bées radioactives. 


(1) Les sources parasites 

Nous entendons par la les produits radio- 
actifs contaminant les matériaux des parois 
du local. Citons pour mémoire le K®, 


uranium, le radium, les produits de fission, 
présents dans la plupart des matériaux de 
construction. 

La protection contre les rayonnements de 
ces corps est en général aisée et classique; un 
blindage de 6cm de plomb absorbe par 
exemple 98°, des y du K®. 

Seule la contamination par le radium pose 
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un probléme particulier en raison du radon 
qu'il dégage. Ce cas est examiné dans le 
paragraphe qui suit. 


‘2\ Emanations naturelles 

Ces gaz, rares, diffusant a partir de l’écorce 
terrestre et éventuellement a partir des parois 
du local contaminent l’air de celui-ci. En 
outre les descendants radioactifs qui sont 
solides, se déposent tant sur les parois du 
local et celles du détecteur que sur les 


(b) Renouvellement d’air rapide mais sans fil- 
tration. Lacontamination sera d’autant moins 
rapide que le renouvellement le sera plus. 

(c) Renouvellement rapide de l’air, avec filtra- 
tion. Les filtres roses, type Schneider Pol- 
mann, a faible perte de charge ont un 
pouvoir de rétention voisin de | pour les 
poussiéres mais nul pour les gaz. Lair filtré 
dans ces conditions sera donc débarrassé des 
poussiéres porteuses de dépdét actif qui ne 
pourra se reconstituer qu’a partir de l’émana- 


| 


emps, 


ours 


Fic. 6. Influence de la ventilation sur le mouvement propre des détecteurs. 


poussi¢res en suspension. Les rayonnements 
émis tant par les émanations que par leurs 
descendants contribuent a augmenter le 
mouvement propre du détecteur, en particu- 
lier par contamination directe de celui-ci. 

L’atténuation des effets dis aux émana- 
tions dépend essentiellement des conditions 
de ventilation du laboratoire. 

‘a) Air a renouvellement lent. Le radon ou le 
thoron pouvant étre plus ou moins en équi- 
libre avec leurs descendants, le mouvement 
propre variera considérablement au cours du 
temps. 


tion non retenue par le filtre. La quantité 
globale de dépét actif sera notablement 
réduite par rapport aux deux cas précédents. 

La Fig. 6 établie dans le local souterrain du 
L.M.R.(1) avec un compteur G.M. montre 
le gain important qui résulte d’une ventila- 
tion continue. II en est ainsi dans ces con- 
ditions pour tout détecteur de type 47 et pour 
les détecteurs-y. Par contre pour les détec- 
teurs-« et les détecteurs-f a fenétre mince, 
labaissement maximum du mouvement pro- 
pre n’est obtenue que si, en plus de la venti- 
lation et de la filtration, on isole le détecteur 
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de lair de facon a intercepter les « du radon 
ou du thoron. Ceci peut par exemple étre 
réalisé en entourant le détecteur d’une 
enveloppe de Polythéne dans laquelle circule 
un gaz inactif (de l’argon par exemple). 


3) Les retombées radioactives 


Les produits de fission contenus dans les 
retombées radioactives se fixent générale- 
ment sur les poussiéres en suspension dans 


Un laboratoire de mesure de trés faibles 
activités, dans lequel on se propose égale- 
ment de doser les impuretés radioactives par 
spectrométrie, doit remplir un certain nom- 
bre de conditions, si l’on désire réaliser les 
conditions optima. Ces conditions découlent 
de l’analyse et des expériences rapportées 
plus haut. 

(1) Local souterrain: plus il sera pro- 
fondément enterré, moins onéreuses seront 
les protections nécessaires. 

(2) Alimentation continue en air filtré. 

(3) Protection des détecteurs en plomb 
sélectionné (vieux plomb ou plomb spéciale- 
ment affine). 
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l’atmosphére. Les solutions préconisées pour 
atténuer les effets de la contamination 
naturelle de l’air sont valables ici également 
(ventilation +- filtration). 

Il faut remarquer que, d’une facon 
générale la contamination de lair est 
d’autant plus importante que la teneur en 
poussiéres est plus élevée, par conséquent 
notablement plus grande dans les centres 
urbains qu’en dehors des agglomérations. 


(4) Détecteurs réalisés en matériaux 
res, métaux, scintillateurs) sélectionnés. 

Le local dont nous disposons a été équipé 
de facon 4a satisfaire au mieux a ces condi- 
tions; les appareils qui y sont utilisés seront 
décrits ultérieurement. Ce laboratoire per- 
met dans les conditions actuelles, de mesurer 
valablement la contamination de matériaux 
divers, de réactifs chimiques, de ’eau. C'est 
dans ce laboratoire également que sont 
préparés les étalons de faible activité (~10~° 
uc/ml) de puréte radiochimique, voisine de 
| pour cent. 
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Autoradiography of Calcium-45 
in Frog Skeletal Muscle Using 
Ashed Tissue Sections’ 


E. COSMOS# and L. K. VAN KIEN¢ 


Received 23 July 1961 


The use of ashed tissue sections for the autoradiography of calcium-45 in frog skeletal 
muscle results in a preparation of higher resolution when compared to autoradiographs made 
with deparaffinized sections. The distribution of calcium-45 under these conditions is discussed. 
Resulting photographs of autoradiographs using both techniques are included. 


DETECTION AUTORADIOGRAPHIQUE DU CALCIUM-45 DANS LE 
MUSCLE SQUELETTIQUE DE LA GRENOUILLE SUR SPODOGRAMMES 


L’utilisation des spodogrammes pour la détection autoradiographique du calcium-45 dans 
le muscle squelettique de grenouille donne une préparation de plus haute résolution que celle 
des coupes ordinaires. La distribution de calcium-45 dans ces conditions est examinée. Des 
clichés autoradiographiques obtenus suivant les deux techniques, sont présentés. 


B CPESAX O30. TEHHbBIX 
CREATETHbIX 
I] pumenenne Cpes0B O30.1CHHbIX TKaHeLl padun B 
To paBHeHHo ¢ sHPOBAHHbIX CpesoB. 


paMMb, OOOMMM MeTOjaMH. 


\UTORADIOGRAPHIE VON CALCIUM-45 IN DER FROSCH 
SKELETTMUSKEL MITTELS DER SPODOGRAM METHODE 
Der Gebrauch von Spodogrammen fir die autoradiographische Festellung von Calcium-45 
in der Skelettmuskel des Frosches ergiebt ein Praparat von grosserer Auflosung als solches mit 
normalen Schnitten. Die Verteilung des Calcium-45 unter diesen Umstanden wurde ermittelt 
und Photographien der sich nach beiden ergebenden Autoradiographen werden beigefiigt. 


INTRODUCTION 


AsHED skeletal muscle sections have been to leave inorganic material intact, it was 
successfully employed by many investigators decided to utilise this preparation for auto- 
to study the structure of muscle mineral ash radiographic studies of calcium-45 in frog 
without the presence of interfering organic — sartorius muscles. 

material.“"~*) Since an ash of this sort seems 


* This investigation was carried out during the tenure of a Post-Doctoral Fellowship from the National Heart Institute, 
United States Public Health Service. 

+ Institute for Muscle Disease, Inc., New York, U.S.A. 

t Department de Biologie, Commissariat a |’Energie Atomique, Gif-sur-Yvette, (S. et O.), France. 
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Sartorius muscles of frogs were carefully 
removed from the animal and placed in 10 
ml of Ringer’s solution containing 100 mM 
Na, 3.5 mM K, and | mM Ca, 40 uc of 
Ca-45 (Harwell, London) and maintained 
at a pH of 7.2 with a CO,~-bicarbonate 
buffer". The experimental soaking period 
was 2hr and the muscles used weighed 
70-90 mg. A slight tension was applied to 
the muscles by attaching them with pieces of 
string to curved glass rods. At the end of the 
soak period, the muscles were removed, 
passed through 6 series of 10 ml aliquots of 
calcium-free Ringer’s solution to remove 
extracellular calcium-45, and finally rinsed 
with a running stream of the same solution. 
Following this 10 min wash period, the 
muscles were plunged into isopentane, cooled 
to 155°C. ~with liquid nitrogen, then 
quickly placed in a freeze-dry apparatus 
maintained at —70°C™, The vacuum tube 
in which the tissue was placed contained a 
layer of paraffin which had previously been 
degassed. When the tissue did not seem to 
give off any more water vapor, the drying 
was assumed to be complete, and the tissue 
was infiltrated in vacuo with paraffin. Tissues 
were then removed from the vacuum 
apparatus and embedded in_ water-free 
paraffin. 

Sections of the muscle block were cut at 
7m using a rotary hand microtome and 
placed on gelatin-coated slides (Ilford) with 
a small drop of albumen water to flatten out 
the section. The excess albumen water was 
quickly removed, a procedure requiring a 
maximum of 10sec. In some cases, the 
paraffin sections were merely pressed onto 
the slides directly without the use of albumen 
water. The tissues were dried overnight in a 
drying oven at 37°C, 

A small quartz oven was used to ash the 
sections. These were heated slowly to 540°C, 
taking the necessary precautions to avoid any 
contraction of the elastic elements of the 
tissue"?’. The sections remained in the oven 
for approximately 50-90 min, thus firmly 
affixing the ash to the glass slide’. The oven 
was then turned off, allowed to cool, the 
sections removed, carefully dipped into a thin 
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METHODS 


solution of procelloidin and allowed to dry. 

A photographic nuclear liquid emulsion 
(Ilford G-5) was then applied with a brass 
roll and allowed to dry. The dried 
emulsion thickness was approximately 2 wu. 
The slides were stored in appropriate con- 
tainers at either 4° or —10°C. To check any 
movement of the isotope using the procel- 
loidin dip, the procedure was eliminated 
from some of the ashed sections and an 
apposition technique was employed instead. 
These slides were carefully clamped together 
with metal clamps. 

Exposure of the sections was from periods 
of 7-90 days. The preparations were devel- 
oped in a D-76 (Kodak) developer at 18°C 
for 4 min, passed through a | per cent acetic 
acid solution for | min, fixed in hyposulfite 


fixative for 10 min, washed in five changes of 


distilled water for 20 min and allowed to dry. 
All procedures following the acetic acid 
rinse were carried out with the slides in the 


horizontal position to avoid displacement of 


the emulsion. 
Slides were read before and after the 


procelloidin dip to insure that no loss of 


radioactivity had occurred. Test slides were 
run on which radioactivity had been placed 
and passed through the entire ashing and 
dipping procedure. These indicated that no 
loss of radioactivity in counts per minute 
occurred throughout the procedure used. 
An end-window Geiger—Miiller tube was 
used to determine the radioactivity. 

The above method was also compared to 
autoradiographs made using the more con- 
ventional techniques in which the emulsion 
was applied directly over the non-ashed 
tissue sections after removal of the paraffin 
with xylol or xylol followed by alcohol. In 
this series, sections of varying thicknesses, 
ranging from |—7 «, were attempted. Emul- 
sions were also spread directly over sections 
with the paraffin intact. Apposition tech- 
niques were used for all the preparations for 
comparison. Finally, several of the more 
classical fixatives were employed as a com- 
parison to the freeze-dry method. 

All procedures were applied to control 
muscles soaked in calcium-45-free solutions. 
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All the techniques used, with the exception 
of the spodogram, resulted in autoradio- 
graphs with silver grains being more or less 
evenly distributed over the entire tissue 
section (Fig. 1), in spite of the fact that the 
interspace calcium-45 had been cleared with 
many changes of calcium-free Ringer’s 
solution for a period of 10 min. Muscles 
washed for | min periods or less demon- 
strated a heavy accumulation of radio- 
activity between fibers. Since this was not 
noted with the longer wash periods, it was 
assumed that a 10 min wash sufficed to 
remove excess extracellular calcium-45. 
Tissues prepared with fixatives such as 
formol often demonstrated heavy linear silver 
grain formations at the periphery of fibers in 
the region of the interspaces. This pheno- 
menon was also seen to a lesser extent with 
control muscles prepared with this fixative. 
It was believed that this artifact was either 
the result of tensions developed on the 
emulsion at the thick irregular fiber edges or 
chemical substances of the fixative which 
may not have been thoroughly washed from 
the interior of the muscle. It is interesting 
that such artifacts were absent from ashed, 
formol preparations. 
In comparison, the autoradiographs re- 


With the spodogram technique, no dis- 
turbance of tissue minerals is immediately 
evident as is also noted by others.'?:*) How- 


ever, assuming calcium to be present in all of 


these regions, the possibility does exist that 
there is a slight derangement of the ion at the 
microscopic level of the myofibrillar borders 
or the isotropic and anisotropic bands. This 
may account for the absence of (i) a distinct 
pattern of silver grains which could be easily 
correlated with the direction of cross bands 
seen in longitudinal sections or (ii) a concen- 
tration of grains within the fields of Cohn- 
heim seen in cross sections. However, since 
uptake studies of in vitro experiments indicate 
that as much as 70-80 per cent of the total 
muscle calcium is not turned over for the 
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RESULTS 


DISCUSSION 


sulting from the ashed sections showed clear 
outlines of the muscle which followed those 
of the control stained tissue (Figs. 2 and 3). 


The interfiber spaces were relatively free of 


radioactivity, the calcium~*® being concen- 
trated within the muscle fibers. This fact 
alone was both a good indication of the high 
resolution of the preparations as well as 


evidence for the occurrence of a minimum of 


diffusion of the isotope. Examined under 
phase contrast and oil immersion (1000 » | 
the position of the silver grains in relation to 
the skeletal structure of the tissue could be 
located. In most cases, the silver grains 
appeared to follow the muscle fiber membrane 
and the myoplasm surrounding myofibrils. 

A heavier cortical concentration of cal- 
cium in muscle fibers has been postulated'®’, 
and although this was not seen in all of the 
preparations to the same degree, it presented 
a more concentrated accumulation of cal- 
cium-45 on both sides of the muscle fiber 
membrane, 

When used with tissue sections, the apposi- 
tion technique resulted in a diffuse auto- 
radiograph of very poor resolution. Its use 
with the ashed sections demonstrated again 
the concentration of the isotope within the 
intrafiber region. 


isotope present in the soaking medium 
within a 2 hr experimental period,'7-*) it 
would seem more probable to assume that 
the region concerned within the myofibrils 
represents inexchangeable or more tightly 
bound calcium. Indeed the array of black 
grains seen around the myofibrils may 
represent calcium-45 in the endoplasmic 
reticulum. This reticulum, then, could easily 
be interpreted as being the connecting 
medium for the transport of calcium from the 
fluid surrounding the fiber to the myofibrillar 
surface. Hopefully, stimulation experiments 
now in progress on whole muscle and single 
fibers will contribute additional information 
concerning the location of a more difficult to 
exchange calcium'®). 
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Fic. 1. Autoradiograph resulting from the direct application of the 

liquid emulsion over the deparaffinized tissue section.* The tissue was 

stained with a hematoxylin—eosin stain after deve lopment of the emulsion. 

Exposure time is 27 days. No difference is noted in the concentration of 
silver grains between interfiber and intrafibe1 regions. 


BAL 


Fic. 2. Autoradiograph of a spodogram (see text). The dried emulsion 
thickness is approximately 2 yw. Exposure time is 23 days. Note the 
greater accumulation of silver grains in the intrafiber region and the 
relatively clear interfiber spacings. A heavier concentration of silver 
grains is also noted around the periphery of some of the fibers. Figures 
| and 2 are samples taken from different levels of the same experimental 


muscle, 


* Autoradiographs of frog sartorius muscle sections prepared by the 
freeze-dry method (see text). All sections were cut at 7 vw. Figures | 


and 2 are photographed at a microscopic magnification of 176 » , with 


Fig. | being enlarged to about twice that of Fig. 2. 


Fic. 
Fic. 3(a.b). Whole tissue sections: (a) shows a stained tissue section and 
b) demonstratan autoradiograph of an ashed section. Exposure time 
is 44 days. In (b) one notes the same overall pattern and fiber structure 


indicating the absence of any derangement of the tissue. 


as seen in (a 
At this very low magnification, the autoradiograph of the spodogram 


represents a true pattern of the entire muscle section. 
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An interesting finding in the present pre- 
parations was the accumulation of radio- 
activity in certain areas of the tissue, 
especially towards the periphery. When 
present, this was seen with all the techniques 
used and was interpreted either as tissue 


damage or, more likely, an uneven uptake of 


radioactivity due to the characteristic cal- 
cium binding, since cross sections cut along 
graded levels of the muscle did not always 
exhibit the same total quantity of silver 
grains. This non-homogeneity of calcium-45 
distribution has been noted by others‘) and 
should be an important factor in the inter- 
pretation of both uptake and washout 
studies done for short periods. 

The method presented here offers a solution 
to some of the problems on encounters 
in the autoradiography of calcium-45 in 
skeletal muscle. Thus, the tissue thickness 


is reduced to the thickness of the ash without 
sacrificing a reduction in the concentration 
of the isotope as would result from cutting 
thinner sections, a procedure which would 
also increase the tendency for leaching out of 


J. Leroux 


the isotope. Further, the emulsion is now in 
direct contact with the isotope source, inter- 
fering organic substances have been removed 
and reducing agents, which may give 
chemical artifacts, have been oxidized during 
the ashing procedure. The resulting auto- 
radiograph would thus seem to produce a 
preparation of higher resolution as well as a 
more accurate record of the isotope distribu- 
tion. One further application of this tech- 
nique is the possibility it offers for the use of 
two isotopes, one which could be removed at 
the lower ashing temperature and the second 
at a much higher one. 
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A Study on Plasma Protein Metabolism 
in the Isolated and Perfused Rat Spleen 


E. ESPINOSA* 
National Institute for Medical Research, Mill Hill, London 


(First received 3 July 1961 and in final form 9 August 1961 


\ method for perfusing the rat spleen with oxygenated rat blood deprived of white cells and 
platelets at constant temperature and pressure is described. The blood flow behaviour of this 
preparation was studied. 

Che perfused organ catabolized heat-denatured rat I'*! albumin at a constant rate, after a lag 
period of 20-30 min during a 4hr perfusion indicating that the reticuloendothelial system 
continued to function. 

Incorporation of C! amino acids into plasma proteins occurred at a constant rate for a few 
hours after a short lag period. Results expressed as a percentage of the radioactive dose which 
became incorporated into plasma proteins gave values in the range 1-3 per cent after a 
perfusion period of 4} hr. Plasma proteins fractionated in different experiments by zone 
electrophoresis, DEAE cellulose chromatography and paper electrophoresis showed that 
the label was incorporated into the y-, f- and x-globulins and that incorporation into 
albumin was negligible. A crude estimate of the rates of total globulin production in one 
experiment gave a value of 9-5 mg/24 hr, of which 5-1 mg/24 hr correspond to y. 

Radioactivity incorporated into a splenic protein powder prepared from five perfused 
spleens was in the range 3-5—5-4 per cent of the radioactive dose. 

I'he problem of tissue protein leakage as a possible confusing factor in the analysis of data 


from perfused organs is discussed. 


METABOLISME DE PROTEIN PLASMA DANS LA RATE 
ISOLEE ET PERFUSEE DU RAT 

Une méthode est décrite pour la dispersion dans la rate du rat de sang de rat oxygéné et 
dépourvu de cellules blanches et de lamelles, 4 température et a pression invariables. Le 
comportement du coulement du sang de cette préparation fut étudié. 

L’organe ainsi traité cataboliza l’albumine du rat contenant de I’I'*! dénaturé par la chaleur 
a une vitesse constant, aprés une période de retard de 20-30 min durant 4 hr de traitement de 
dispersion, ce qui indiquait que le systéme réticulo-endothélial continuait 4 fonctionner. 


ETUDE SUR LE 


L’incorporation d’amino-acides 4 C™ dans les protéines du plasma eut lieu a un taux 
constant pendant quelques heures aprés une bréve période de retard. Les résultats, en pourcent 
de la dose radioactive qui fut incorporé dans les protéines du plasma, donnérent des valeurs 
dans la gamme |~—3 pour cent aprés une période de dispersion de 4} hr. Les protéines du plasma 
fractionnées en différentes expériences par l’électrophorésie zonale, par la chromatographie 
cellulosique DEAE et par l’électrophorésie sur papier indiquérent que la marque était incor- 
porée dans les y-, /- et x-globulines et que son incorporation dans l’albumine était négligeable. 
Une grosse estimation des taux de la production totale de globuline en une expérience donna 
une valeur de 9,5 mg/24 hr, dont 5,1 mg/24 hr correspond a la forme y. 

La radio-activité incorporée dans une poudre de protéine de la rate préparée de cing rates 
traitées fut dans la gamme 3,5-5,4 pour cent de la dose radio-active. 

On discute le probléme de l’écoulement de protéines de tissu en ce qu’il pourrair étre un 
facteur embrouillant dans l’analyse des données des organes traités. 


* Present address: Universidad de Chile, Escuela de Medicina, Laboratorio de Fisiopatologia, Casilla 6510, Santiago, 


tetracetic acid; SP, spleen perfusion. 
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DEAE, diethylaminoethyl; Tris, tris(hydroxymethyl) aminomethane; EDTA, ethylene-diamine- 
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A study on plasma protein metabolism in the isolated and perfused rat spleen 


METABO.IN3MA BE-SIROB ILITASMbI B 

nmpowecc ¢ CKOpOCThWO HM BTreveHHe “acoB 
NOKasbipaeT, YTO CHCTeMa BCe BPeMA 

OCYULECTBIAIOCh C NOCTOHHHOM B HECKOJILKHX YacoB. 
snavenna B I-3% nocne 4,5-4acoroit neppysnn. 
B OTIBITAX 9 lekTpoope 30M, XpOMATOI padueil Ha 
H OYMaxKHbIM NOKasaHo, MeTKAa B y-, 

9,5 mr/24 “aca, 43 5,1 Mr/24 

celeseHokK, 3,5-5,4°, OT pawOaKTHBHOCTH MeTKH. 

rO4“HOCTH 


STUDIUM DES PROTEINPLASMA METABOLISMUS IN 
ISOLIERTER UND GETRANKTER RATTENMILZ 

Eine Methode zur Trankung von Rattenmilz mit sauerstoffangereichnetem Rattenblut bei 
konstantem Druck und Temperatur wird beschrieben. (Vor Behandlung wurden die Weissen 
Blutkorper und Plattchen aus dem Blut entfernt). 

Die Blutflusseigenenschaften dieses Praparates wurden studiert. 

Nach einer Verzogerung von 20-30 Minuten, katabolisierte das getrankte Organ warm- 
denaturiertes Ratten ['*! Albumen mit konstanter Geschwindigkeit wahrend einer 4 stundigen 
Trankung. Dieses beweist dass das Retikuloendotheliale System weiterhin arbeitete. 

Nach einer kurzen Verzogerung erfolgte auch die Einfugung von Amino Sauren in Plasma- 
proteinen wahrend mehrerer Stunden mit konstanter Geschwindigkeit. 

Nach einer 4} stundigen Trankung erreichte der Prozentsatz der radioaktiver Dosis welcher 
in die Plasmaproteinen eindrang Wehrte zwischen 1-3 

Plasmaproteinen welche in verschiedenen Versuchen durch zonenelektrophorese, DEAE, 
Zellulose Chromatographie und Papierelektrophorese fraktioniert wurden zeigten dass die 
Markiecrung in die y, 8, und «-Globuline eingetreten war, dass aber die Einfugung in das 
Albumen verschwindend klein war. 

Eine grobe Schatzung der totalen Globulin Produktronsgeschwindigkeit ergab in einem 
Versuch den Wert von 9.5 mg/24h, von welcher Summe 5.1 mg/24 h auf y-Globulin entfallen. 

Ein aus 5 getrankten hergestelltes Milzprotein-pulver hatte eine induzierte Radioaktivitat 
zwischen 3.5—5.4°,, der radioaktiven Dosis. 

Das Problem eines Leckes von Zellen-Protein als moglicher Storfaktor in der Analyse von 


Ergebnissen mit getrankten Organen wird erortert. 


INTRODUCTION 
The well- 


Or tue different in vitro methods which have 


been employed to study the secretion of 


plasma proteins by particular organs, meas- 
uring the incorporation of radioactive 
amino acids into proteins by a whole blood 
perfusion technique appears to be the most 
reliable one“. The same perfusion tech- 
nique appears to be applicable to the study of 


plasma protein breakdown.":*) 
defined and almost physiological experimen- 
tal conditions, which can be achieved in a 
perfused organ set-up, offer many possibili- 
ties for the study of different factors involved 
in protein metabolism. 

The perfused organ technique applied to 
liver“.® and to the caudal moiety of the rat 
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carcass'® has shown that all the albumin and 
fibrinogen, and part of the z- and /-globulins 
are produced in the liver, and all the y- and 
some of the z- and f-globulins are produced 
in other tissues. Incubation of tissue slices 
shows that lymph nodes and spleen synthe- 
size antibody globulin and also other y- 
globulins in immunized animals,‘’:*) but 
little information is available on the ability 
of spleen to produce y-globulins in normal 
animals.'*” In addition, the decline in 
properdin titers after splenectomy in hu- 


Perfusion technique 


Perfusions were carried out using spleens 
of male adult rats of the hooded strain main- 
tained at the National Institute for Medical 
Research. Instructions for repeating this 
technique are as follows. 


a) Surgical procedure. (i) Open the abdomen undet 
ether anaesthesia: ll isolate the spleen from its 
peritoneal connexions; (iii) dissect out the portal 
and splenic veins; (iv) resect away adjacent pancreas, 
fatty tissue and lymph nodes from the vascular 
pedicle of the organ (under magnification) ; Vv 
dissect out (a) the splenic artery up to the coeliac 


artery and (b) the abdominal aorta adjacent to the 


coeliac artery; (vi) ligature branches of the coeliac 
artery (left gastric and hepatic arteries) leaving the 
splenic artery free; (vii) place loose ligature (a) on 
coeliac artery; (viii) place loose ligatures on abdom- 
inal aorta (b) one centimetre above and (c) below 
the emergence of the coeliac artery; (ix) inject 
heparin intravenously; (x) tie (c) and then (b); 
incise the aorta between (b) and (c), thus visualizing 
the coeliac ostium; (xi) introduce the cannula from 


the perfusion apparatus into the splenic artery 
through the coeliac ostium and tie (a); (xii) allow 
the blood from the perfusion system to begin to flow. 
Immediately afterwards cut the portal vein above 
and below the splenic vein, permitting the blood to 
drain; (xiii) the spleen, now isolated, is placed in 
the perfusion chamber. 

Notes. If operations x, xi and xii are skilfully and 
quickly performed, the organ will not be without 
circulation for more than } min. The portal vein is 
cut instead of the splenic vein to obviate venous 
constriction which would restrict the blood flow. 
Placing the cannula in the splenic artery through 
the coeliac ostium in the aorta, instead of directly, 
avoids constricting the splenic artery when severing. 


(b) Perfusion apparatus. ‘The apparatus, 


METHODS 


mans), and the immunological demonstra- 
tion of f-2-macroglobulin in spleen cells, 
point to this organ being involved in the 
metabolism of these proteins. 

In view of these observations it seemed 
opportune to study the production of plasma 
proteins by the spleen of normal animals. A 
method for perfusing the isolated rat spleen 
was developed, and this paper describes the 
technique and reports the results obtained 
with this preparation. Preliminary findings 
have already been reported”*?, 


illustrated in Fig. 1, consisted essentially of a 
jacketed vessel and plastic tubes, an oxygen- 
ator and a pump for circulating a small 
volume of rat blood at constant temperature 
(38°C) and pressure (40 mm Hg) through 
the spleen. 

The blood was obtained by cardiac punc- 
ture under ether anaesthesia from normal 
donor rats, 5-6 ml being removed from each 
animal. Bleeding intervals were not less than 
t weeks. Blood was spun for 20 min at 
1800 g and 25°C, and the plasma separated 
from the cells. The layer of white cells and 
platelets was removed as completely as 
possible by suction so as to avoid vasocon- 
striction when perfusing the spleen. The 
plasma and red cells were remixed, filtered 
through a cotton mesh and 40-60 ml de- 
livered into the perfusion chamber. Imme- 
diately after beginning perfusion, a tracer 
dose of C'-labelled amino acid was added. 

Experiments lasted 4-44 hr. Samples were 
taken at intervals and haematocrit, plasma 
protein concentration, and _ radioactivity 
values measured as indicated below. At the 
end of each experiment the organ was 
perfused with 10 ml saline to wash out excess 
blood. The vascular pedicle was cut, and the 
organ blotted on filter paper and weighed. 
In some experiments, the organ, mixed with 
20-30 mg of carrier amino acid and 5 ml of 
saline, was ground in a mortar and treated in 
the same way as the plasma proteins (see 
below) to measure radioactivity incorporated 
into splenic proteins. In two experiments, 
pieces of the organ were fixed in formalin for 
histological examination. 
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Radioactive amino acids 

Tracer doses of t-(C™)lysine (uniformly 
labelled), pt-(1-C™ glutamic acid and algal 
(C™) protein hydrolysate supplied by The 
Radiochemical Centre, Amersham, Bucks, 
were used, 


Fic. 1. Diagram of perfusion apparatus. A glass 
funnel in water at 38°C in which heparinized rat 
blood (1000 i.u. of heparin/50 ml blood) deprived of 
white cells and platelets and the spleen are placed. 
The spleen a was placed on a platform above 
blood level. This platform has a tube through 
which blood drips at an observable count rate. 
B pump for circulating blood through the spleen. 
C oxygenator at atmospheric pressure. D blood 
level device which controls the working of the 
pump by means of a relay d. In this way a 
constant perfusion pressure (40mm Hg) was 
obtained. E blood filter (nylon mesh). F by- 
pass which helps to reduce sedimentation of red 
cells by allowing a faster rate of circulation. Blood 
samples were collected here. G thermoregulation 
device——a thermostat maintaining the water at 
38°C and a pump circulating this water through 
the jacket covering most of the tubes. 


Removal of non-protein C™ in plasma samples 


Approximately 5 mg of carrier amino acid 
was added to aliquots of all plasma samples 


(0-3—-0-5 ml) followed by 3 ml of 10 % (wt. 
vol.) trichloroacetic acid. The precipitates 
were treated as described by MILLer ef al," 

Before chromatographic or electrophore tic 
separations, plasma was dialysed exhaustively 
in the presence of carrier amino acids. When 
L-(C™) lysine was used, L-lysine was added to 
the plasma to a concentration of 10 mg/ml 
and dialysis followed in the cold against a 
large volume of saline-phosphate solution 
changed daily for 1 week. When algal 
(C™) protein hydrolysate was employed, 
plasma samples were dialysed for 2 days 
against saline-phosphate solution plus mixed 

carrier amino acids (obtained by HCl hydro- 

lysis of human plasma proteins) supple- 
mented with tryptophan, to a concentration 
of about 10 mg/ml. These samples were then 
dialysed for 4 days against a twenty-told 
larger volume of saline-phosphate which was 
changed daily. The whole operation was 
repeated 3 times. To ensure complete 
removal of non-protein C™, the chromato- 
graphic, or electrophoretic, serum com- 
ponents were treated according to the pro- 
cedure of MILLER et al.‘ 

In every experiment, a finding of neglig- 
ible activity in the control at zero time 
confirmed that all non-protein C™ activity 
had been removed. In one experiment in 
which blood plus L-(C") lysine was circulated 
by the perfusion apparatus in the absence of 
spleen, samples taken at intervals up to 44 hr, 
and treated as stated, had no significant 
C™ activity. 


Estimation of C' radioactivity in proteins 

In all experiments, C™ radioactivity was 
measured after combustion of 5-6 mg of 
plasma proteins to C“O,, using a proportional 
counting method", In experiment SP 7 in 
which pt-(1-C"™) glutamic acid was used, the 
radioactivity was also measured in the C“O, 
liberated by the specific decarboxylase, as 
indicated below. In experiment SP 24, the 
C™ radioactivities of different protein frac- 
tions obtained by paper electrophoresis were 
measured in a liquid scintillation counter. 
Eight 0-020 ml serum samples were separated 
on paper, and corresponding segments of 
two of the strips were combusted. The 
CQ, produced was recovered as BaC™O, 
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and this was suspended in a liquid scintil- 
lator according to Orr e al.) After 
staining, protein contents were determined 
by means of spectrophotometric readings of 
bromophenol blue eluted from zones in the 
six other control strips, and specific activities 
calculated. 

The standard deviation of counts recorded 
in this study did not exceed +5 per cent. 


Decarboxylation of glutamic acid 

Determination of the specific activity of the 
carboxyl carbon of the glutamic acid incor- 
porated into plasma proteins was carried out 
in SP 7 with the aid of t-glutamic decarboxy- 
lase prepared from F. coli. The organism 
was grown with shaking at 


(N.C.T.C. 8584) 
35°C in glucose—inorganic salts medium"® 
containing t-glutamic acid (300 ~g/ml) and 
pyridoxin (2 ug ml). The cultures were 
harvested at about 2mg dry weight of 
bacteria per millilitre, the cells were washed 
with 0-05 M phosphate buffer, pH 7-0, and 
an acetone powder prepared. Before 
enzymatic treatment, accurately weighed 
amounts of plasma proteins were placed in 
hydrolysis tubes to which 6 N HCI was 
added. Tubes were sealed and kept in the 
oven at 108°C for 36hr. After hydrolysis 
was complete, the HCl was removed by 
drying under vacuum and heating in a steam 
bath, the operation being repeated 4 times 
with additions of distilled water. Then, 5 ml 
of 0-2 M acetate buffer, pH 5-0, was added 
and the whole transferred to the reaction 
chamber of a double side-arm Warburg 
vessel. One arm contained approximately 
20 mg of bacterial powder suspended in | ml 
of the same buffer, and to the other arm a 
tube containing 1 ml of carbon dioxide-free 
IN NaOH was attached. The joints of the 
vessel were well greased and then closed 
under vacuum. ‘The bacterial suspension 
was tipped into the reaction chamber and 
left at 37°C with continuous shaking for 3 hr. 
The NaOH tube, now containing Na,C'QO,, 
was frozen in a carbon dioxide-alcohol 
mixture, then | ml of 2N H,SO, was added 
and the air evacuated. The reaction was 
allowed to proceed at room temperature and 
the C™O, evolved transferred to a gas 
counting line’) and its specific activity 


E. Espinosa 


measured. Experiments to confirm the speci- 
ficity of the decarboxylase reaction in the con- 
ditions described s‘ove were carried out 
beforehand using tracer doses of pi-(1-C"*) 
glutamic acid added to substrates of (a) L- 
glutamic acid and (b) a plasma protein hydro- 
lysate containing an excess of L-glutamic acid. 


['5! /abelling and heat denaturation of rat albumin. 
Estimation of the degree of catabolism 


Rat serum albumin was prepared by 
adding 10 vol. of 1 °, trichloroacetic acid in 
aqueous 96 °, 
serum”, The alcoholic albumin solution 
was pressure-dialysed against distilled water, 
changed daily for 4 days, and freeze dried. 
A 30 °% solution in water was labelled with 
according to The 
labelled albumin solution was dialysed over- 
night against 0-1 °;, Nal in saline solution. 
The pH was adjusted to 7 with phosphate 
buffer, 0-1 M, and the protein present in 
the final solution at a concentration of 10 
mg/ml was denatured by heating in the 
steam bath at 75°C for 30 min, as described 
by Benacerrar ef al.“® From this, about 
5-0 mg (18 wc) of protein were taken and 
added to the perfusion blood. 

The rate of catabolism was estimated 
according to CoHeN and Gorpon™). One- 
millilitre blood samples were taken at inter- 
vals from the perfusion circuit and the 
increment of non-protein I'*"/0-5 ml of blood 
was measured. This was expressed as a 
percentage of the total I'**/0-5 ml of blood, 
and results were finally expressed as percen- 
tages of the dose catabolized after correcting 
for sampling. ['*! radioactivity was meas- 
ured in a well-type scintillator counter. 


Methods of plasma protein fractionation 

Plasma protein fractionation was _per- 
formed at the end of four perfusion experi- 
ments by: (1) zone electrophoresis on a 
column of treated cellulose’®.*” (in one case 
this was kindly carried out by Dr. S. Coen) ; 
(2) chromatography on DEAE cellulose 
columns prepared after Prrerson and 
Soper”), The fractions were obtained either 
by gradient elution at 4°C with phosphate 
buffers, starting with 0-005 M, pH 7-1, and 
eluting with 0-3 M, pH 6, or by successive 


(vol./vol.) ethanol to | vol. of 
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stepwise elution using phosphate buffers, 
0-0175 M, pH 6-4; 0-04 M, pH. 5-9; 0-10 M, 
pH 58 and 0-4M, pH 5-2. Protein 
peaks in (1) and (2) were located by meas- 
urement of the ultra-violet absorption of 
t—-5 ml volumes of eluate at 280 mu. Eluates 
were reduced to suitable volumes by pressure 
dialysis at 4°C. In some cases, further frac- 
tionation was obtained by rechromatography 
on a lower gradient elution; (3) paper 
electrophoresis, carried out in a Durrum- 
type vertical electrophoresis tank using 
Whatman 3MM paper strips. Barbital 
buffer, 0-05 M, pH 8-6, and the Tris-EDTA 
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buffer of ARronsson and 
diluted with an equal volume of water, pH 
8-8, were employed. Paper electrophoresis 
was used to identify rat serum components 
obtained by the other two methods of frac- 
tionation and, in one experiment, to obtain 
information about the distribution of C14 
activity in different protein bands, as already 
described. 


Plasma protein estimations 

These were carried out on 0-05—0-1 ml 
samples of the perfusate plasma by the biuret 
method of GoRNALL et 


RESULTS 


Effect of splenic blood flow on C™-lysine 
incorporation into plasma proteins 


The rate of blood flow varied in different 
perfusions from 0-6 to 2-8 ml/g of spleen per 


minute and followed a similar pattern of 


gradual increase during the first 90 min, 
stabilization between 90 and 180 min, and 


gradual decrease thereafter. That this had 
negligible effect on the rate of amino acid 


incorporation into plasma proteins was 
shown in experiment SP 19 in which a wide 
change in the perfusion pressure failed to 
show any effect (Fig. 2). 


Fic. 2. Effect of blood flow on incorporation 
rate of C"*-lysine 
(SP19). O—Percentage dose of C'-lysine 
incorporated into plasma proteins. ©@ 

Blood flow rate. Arrow indicates the time 
at which artificial reduction of blood flow 


plasma proteins 


into 


IN PLASMA PROTEINS 


was effected. 


PERCENTAGE DOSE 
=) 


Catabolism of heat-denatured rat albumin 


Another method of evaluating organ 
function depends on the finding that the 
spleen takes up heat-denatured albumin in 
heat-denatured rat albumin 
was introduced and as is shown in Fig. 3, 
catabolism proceeded at a linear rate of 2 % 
of the labelled protein per hour. To confirm 
that under these experimental conditions 
release of I'*! was solely due to the catabolic 
activity of the spleen, a control experiment 
in the absence of the organ was performed. 
No significant release of I'*! was detected for 
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the same period of circulation of blood in the 
system. 


Incorporation of C-labelled amino acids into 
plasma proteins 

Radioactivities of plasma proteins are 
expressed in terms of a percentage of the 
initial radioactive dose incorporated into 
plasma proteins at different times of perfusion 
‘Fig. 4 


o 


> 


Percentage of dose catabolized 


Figure 5 shows the specific activities of rat 
serum proteins which were separated by 
Porath electrophoresis in SP 5. No pure 
Tiselius fractions were obtained as is seen in 
the paper electrophoresis analysis of eluates 
from the column. Since albumin was con- 
taminated with «-globulin, further purifica- 
tion was obtained by adding 10 vol. of 1 °, 
trichloroacetic acid in 96 °,, aleohol"”. The 
specific activity of the resultant albumin was 


90 


Fic. 3. Catabolism of 


120 ISO 180 210 240 
Time of perfusion (min) 


heat-denatured rat 


albumin (SP 21). Spleen (700 mg) was perfused 


with 60 ml blood (haematocrit, 36; plasma pro- 


tein, 6-2 g per cent) to which 18 yc (approx. 5 mg 
of heat-denatured rat I'** albumin were added at 
zero time. The figures for percentage catabolized 


have been corrected for sampling. 


Since the results might be due in part to 
preferential labelling of fat or carbohydrate, 
a test experiment (SP 7) was performed using 


pi-(1-C)glutamic acid. Incorporation of 


the amino acid into proteins was shown by 


measuring the carbon specific activities of 


CO, liberated by glutamic acid decar- 
boxylase from acid hydrolysates of the 
plasma proteins. These values were consis- 
tent with those obtained by measuring the 
carbon specific activities of C“O, produced 
by combusting the plasma proteins (‘Table 1). 

The ability of the isolated spleen to 
synthesize different serum proteins was 
evaluated in some of these experiments by 
measuring specific activities of different 
serum fractions. 


insignificant as is shown in the Fig. 5. In 
view of the poor separation by Porath electro- 
phoresis in this experiment, DEAE cellulose 
chromatography was adopted in experiments 
15, 17 and 24. 

Figure 6 shows the specific activity values 
and paper electrophoresis identification for 
different zones of the chromatogram in SP 
17. The highest specific activities appeared 
in the y-region, lower ones in f- and «-regions 
and insignificant values in albumin. Similar 
results were obtained in SP 15. In this, 
stepwise elutions of DEAF cellulose column 
showed the results given in Fig. 7. Further 
fractionation of the serum components 
obtained in eluates I and III of this 
chromatography was performed. Eluate I, 
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a mixture of y- and #-components, was 
separated by re-chromatography on a gradi- 
ent elution from 0-005 M phosphate, pH 
5-1, to 0-1 M phosphate, pH 6. The different 
fractions obtained were identified by paper 
electrophoresis and their specific activities 


90 150 210 
TIME OF PERFUSION (min) 

Fic. 4. Incorporation of (C™) amino acids into 
plasma and spleen proteins. 

C™) amino acids—lysine was used in all cases 


except SP 7 (glutamic acid) and SP 24 (algal pro- 
tein hydrolysate). 

Sodium penicillin—10,000 units were added at the 
start in SP 17, 18, 19, 24. 

33-40 ml except in SP 12, 16 and 

17 (60 ml). 

Haematocrits—30-39 and approximately constant. 
Plasma proteins—5-8-7-8 per cent at the start and 
rising by only 1-3 per cent. 


Blood volumes 


measured (Fig. 


SP No. 
24 


-i3 


+12 


270 
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SPLEEN %DOSE 
WEIGHT IN SPLEEN 
(g) PROTEINS 


120 
O92 


O80 
090 


063 


From 
mixture of «-globulin and albumin with a 
specific activity of 40 disintegrations/min/mg 
of C, a pure albumin was obtained by the 
fractionation method of et 
The specific activity of the purified albumin 
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Taste |. Specific activities of C“OOH-1-glutamic acid carbon and C™ plasma protein carbon in time-spaced plasma 
samples of SP 7 


glutam« acia 


Plasma proteins 
hydrolysate 


Time after DL- 


min mg 


lime after pi-(1-C™)- Carbon of plasma proteins 


glutamic acid (min disintegrations/min/mg 


) 
q 
38 
67 
97 


103 


Glutamic acid 
carrier 
(mg) 


30 
30 


Carboxyl-1-glutamic 
acid carbon in sub- 
strate (disintegrations/ 
min/mg) 


Carboxyl-1-glutamic 
acid carbon in 
substrate 
(ma)* 


30 
30 
30 
30 


9. 
9 

). 
9. 
9 


Carboxyl-l-glutamic acid 


Carboxyl-1l-glutamic acid 
carbon in plasma proteinst carbon in plasma proteins{ 
disintegrations/min/mg (disintegrations/min/mg) 


28 
261 
1092 
2128 
2687 


3031 


2028 
2939 
3119 


* Data calculated from assumed 17 per cent glutamic acid content of rat plasma proteins and from weight of glutamic 


acid carrier. 


+ Calculated from carboxyl-l-glutamic carbon-14 specific activity corrected for dilution with carrier glutamic. 


* Calculated from total radioactivity 


obtained from plasma protein carbon specific activities and assuming 42 


per cent carbon in plasma proteins) and carboxyl-l-glutamic carbon in plasma proteins. 


was 16 disintegrations/min/mg of C, and of 
the globulin precipitate 125 disintegrations/ 
min/mg of C. 

As the difference in specific activities of the 
various chromatographic fractions could be 
partly due to possible differences in their 
lysine content, an experiment was performed 
using algal (C™) protein hydrolysate. A 
similar pattern of distribution of specific 
activities in gradient chromatographic frac- 
tions to that shown in Fig. 6 was found. 
Assuming that both perfused spleens had 
closely similar synthetic capacities for the 
different globulins, and assuming similar 
relative concentration of the proteins in the 
perfusates, it would appear that possible 
differences in lysine content of the chromato- 
graphic components was not an important 
factor in the specific activity differences 
represented in Fig. 6. 

Since, in the chromatographic separations 
also, no pure Tiselius fractions were obtained 
(with exception of slow mobility y), C"™ 


activities were estimated directly in the 
different ‘Tiselius fractions obtained by paper 
electrophoresis. Figure 9 shows the distribu- 
tion of C!* protein activities in these fractions 
in the 4} hr serum sample of SP 24 in which 
algal (C") protein hydrolysate was employed. 
Also in Fig. 9 a tentative determination of 
specific activities is represented. ‘These values 
are based on total radioactivity and protein 
content (as determined from the bromophenol 
blue binding capacity—see methods) of each 
Tiselius zone. 


Incorporation of C'-lysine into spleen proteins 

C'-lysine incorporated into spleen pro- 
teins was measured, at the end of perfusion, 
in five of the experiments reported here. 
Protein specific activities 15-30 times higher 
than the plasma protein values, at the same 
time, were found. Calculation of this radio- 
activity, in terms of percentage of C"*-lysine 
added to the perfusate, gave values around 
4-5 per cent (cf. Fig. 4). 
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Fic. 5. Specific activity of rat serum protein fractions, after separation by zone 


electrophoresis SP 5 Serum 
280 mg protein) taken 23 hr after adding C™ lysine in the perfusate, wv 


vas added to the column (37 cm 2-5em 
packed with cellulose. A current of 14 mA (400 \ was applied for 46 hr. + if 


ltra-violet absorption of 4—5 ml 
volumes of eluate at 280 my. Paper electrophoresis in veronal buffer 


above) and specific activity of the 
eluates between dashed lines Specific activity of 


a “purified” albumin obtained from the first peak is represented 
in black at the bottom of the first column. 


Paper electrophoresis and specihe activity of the original serum 
are on the right. 
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Fic. 6. Specific activity of rat serum protein fractions after se 
diethylaminoethy! cellulose column (SP 17). Serum (75 


paration by gradient sodium phosphate elution of 
/20 mg protein), taken +} hr after adding C"-lvsine to 


the perfusate, was applied to a column (40 cm l-Sem) packed with 10¢ of diethvlaminoethv] cellulose. 
I PI I 

Volume of mixing chamber, 1000 ml. Gradient was from 0-005 M sodium phosphate, pH 7-1, to 0-3 M sodium 

phosphate, pH 6. @ ultra-violet absorption of 4-5 ml volumes of eluate at 280 mw. 


Paper electrophoresis in 
veronal buffer (above) and specific activity 


of the eluates between dashed lines. Paper electrophoresis 
and specific activity of the original serum are on the right 
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Specific activity of rat serum protein fractions, after separation by stepwise sodium phosphate elutions 
aminoethyl cellulose column (SP 15). Serum (900 mg protein), taken 44 hr after adding C'-lysine 


to the perfusate, was applied to a column (40cm » 2-5.cm) packed with 14g of diethylaminoethyl cellulose. 


Buffer elutions are indicated between arrows. i ultra-violet absorption of 4-5 ml volumes of eluate at 280 my:. 
Paper electrophoresis in veronal buffer (above) and specific activity of eluates between dashed lines. 


Paper electrophoresis and specific activity of the original serum are on the right. 
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Fic. 8. Specific activity of fractions from eluate I after rechromatography on diethylaminoethv1 cellulose column 
SP 15). Protein, 100 mg, of eluate I from the chromatography represented in Fig. 7 was applied to a column 
10 cm 1-5 em) packed with 5 g of diethy laminoethyl cellulose. Volume of mixing chamber, 1000 ml. Gradient 

was from 0-005 M sodium phosphate, pH 7-1, to 0-1 M sodium phosphate, pH 6. & ultra-violet absorption of 
+-5 ml volumes of eluate at 280 my. Paper elec trophoresis in veronal buffer (above) and specific activity 


of the eluates between dashed lines. Paper electrophoresis of eluate I and of original serum are on the right. 
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Fic. 9. C™ radioactivity of rat serum protein fractions, after separation by paper electrophoresis (SP 24). Tracer 
used: algal (C'*) protein hydrolysate. Between dashed lines are represented total and “‘specific activity”’ values 


of different Tiselius zones obtained by paper electrophoresis in lriseEDTA buffer. 
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Morphology 
On gross inspection after perfusion, the 


spleens appeared normal. Microscopic ex- 


amination was kindly performed by Dr. B. 


Experiments reported here give evidence 
that the rat spleen produces plasma proteins 
of the y-, f- and «-globulin groups and 
catabolizes heat-denatured rat I’ albumin. 

Substantial modification of the blood flow- 
rate through an isolated spleen did not 
change the rate of C"-lysine incorporation 
into the plasma proteins (Fig. 2). This indi- 
cates that, over this wide range of blood flow, 
the supply of amino acids and other nutrients 
necessary for protein synthesis was not 
affected. Detailed studies on blood flow rate 
and plasma protein metabolism in other 
isolated perfused organs are not available. 
However, spontaneous changes in blood 
flow from 1-0 to 3-0 ml/g liver per minute 
occurred in MILLER’s isolated perfused rat 
livers, and, as also described by JENSEN and 
TARVER®?), did not significantly affect the 
rate of plasma protein synthesis. CoHEen and 
Gorpon) found that when the blood flow- 
rate through an isolated perfused rat liver 


was reduced from 7 to 2-3 ml/min, the rate of 


catabolism of native albumin remained 
constant. ‘Thus it appears that plasma 
protein metabolism in these organs is a 
function which remains unchanged within 
wide modifications of the blood flow, and the 
reason for this is not obvious. 

MILLER"? has pointed out the advantages 
of the isolated perfused organ technique, 
applied to liver, over other in vitro methods 
(e.g. incubation of slices, minces, homogen- 
ates). Evidence has been given that the 
isolated perfused liver maintains normal 
functions during a few hours of perfusion.“.??) 
Unfortunately, lack of precise information 
about splenic function prevents specific 
assessment of functional efficiency during 
perfusion. However, the linear incorporation 
of radioactivity into plasma proteins and 


liberation of I’ during the few hours of 
g 


perfusion are presumptive evidence of via- 


bility. 


Balfour in two spleens after 44 hr perfusion; 
hematoxylin and eosin staining were used. 
No differences could be established with 
freshly extirpated rat spleen. 


DISCUSSION 


After a lag period of about 20 min, linear 
incorporation of C-labelled amino acids 
into plasma proteins took place for 4 hr. 
This indicates that the organ preserves its 
protein synthetic capacity and that no 
substantial change occurs in precursor amino 
acid specific activity during the perfusion 
period. Lag periods have been reported for 
other im vitro protein synthetic systems and 
their significance has been discussed.‘?*.*) 
Probably they represent delay in migration 
of newly synthesized protein molecules 
through cellular and capillary membranes. 

The ability of the perfused spleen to 
liberate a constant amount of I'*" from heat- 
denatured I'*' albumin per unit time also 
indicates a constant proteolytic activity 
during the perfusion period. A lag period 
of 20-30 min, before F?*" is released from the 
heat-denatured ['*!-labelled protein, was 
also reported for native and heat-denatured 


albumin catabolism in the perfused rat liver 


by Conen and Gorpon®), and it may 
represent the time required for the denatured 
protein to become bound to the appropriate 
enzymatic system. 

Serum protein production by the isolated 
spleen can be estimated only crudely from the 
experiments reported here because immedi- 
ate precursor amino acid specific activity 
values are lacking. We take as a basis SP 15, 
in which blood volume was 40 ml, and 
different serum protein fractions were separ- 
ated by chromatography and their relative 
concentration and specific activities were 
determined. Of the C"-lysine tracer dose, 
2-02 per cent was calculated to be incorpor- 
ated into total plasma proteins and 0-88 per 
cent into chromatographically separated 
y-globulin at the end of 4} hr. The content 
of lysine in non-fasted rat blood is taken as 
11 mg per cent”, If we assume that this 
did not change much during perfusion and 
that its specific activity at the site of synthesis 
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was about half that in the plasma,?*.3¢,3) 


then the mass of lysine incorporated into 
serum proteins was 
1-4 0-0202 2 0-178 mg lysine. 

Assuming that lysine constitutes 10 per 
cent of rat serum proteins (calculated from 
corresponding figures for human serum 
proteins, taken from Spector’), the quan- 
tity of serum proteins newly formed ina 4} hr 
spleen perfusion is 1-78 mg 9-5 mg/24 hr. 
A similar tentative calculation for y-globulin, 
having 8-1 per cent lysine content, gives 
a value of 5-08 mg/24 hr. 

High specific activity values were found in 
spleen proteins at the end of perfusion. This 
could be representative of high specific 
activities of newly produced globulins at 
their sites of synthesis, or high turnover rates 
of structural proteins, or both. 
this finding, the possibility that plasma 
protein radioactivity values might be in- 
fluenced by abnormal leakage of splenic 
proteins in the perfusion system cannot be 
dismissed at present. Further experiments to 
investigate this are under way. ‘This possi- 


bility should also be taken into account 
when studying plasma protein synthesis in 


In view of 


other isolated organs, particularly if turn- 
over rates of structural proteins are high. 
A preliminary experiment, however, sug- 
gested that significant splenic protein leakage 
does not occur. Radioactivity increment 
into the plasma proteins ceased after per- 
fusing distilled water through the spleen for a 
short interval in the middle of a blood per- 
fusion although, following the introduction 
of a new radioactive dose, the specific activity 
of splenic proteins continued increasing up 
to 15 times the plasma protein specific 
activity value. 

The exact nature of the proteins in the 
complex groups of z- and /-globulins, 
synthesized by the spleen, has not been 
elucidated yet, and further work must be 
done by isolating them more specifically. 


I am greatly indebted to Dr. A. S. 
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rhe relationship between light output and counting efficiency of liquid scintillation samples 
is examined and found to be in accord with Poisson statistics. The characterization of a single- 
channel liquid scintillation counter necessary to permit its use as a photometer is described, and 


the value of such a use is illustrated in several aspects of liquid scintillation counting. 


LE RAPPORT ENTRE L’INTENSITE DE FLUORESCENCE ET 
L°’EFFICACITE DE COMPTAGE DANS LES SCINTILLATEURS LIQUIDES 
Le rapport entre l’émission de lumiére et l’efficacité de comptage des échantillons liquides a 

scintillation est soumis 4 l’examen et se trouve en accord avec la statistique de Poisson. On 
décrit la caractérization d’un compteur liquide a scintillation 4 cannelure unique nécessaire a 


permettre son emploi comme photométre, et on démontre la valeur d’un tel emploi en plusieurs 


aspects du comptage a scintillation en phase liquide. 


COOTHOIENHE MEATY HHTEHCHBHOCTbIO ® 

M HalijeHoO, OHO HAXOLMTCA B COOTBETCTBHH 3aKOHOM 
Ilyaccona. XapakTepHCTHKM AMAKOCTHOPO 
Horo HEOOXOAMMBIe JIA ero B KauecTBe doToMeTpa. 


DAS VERHALTNIS ZWISCHEN FLUORESZENZINTENSITAT UND 
ZAHLAUSBEUTE BEI FLUSSIGEN SZINTILLATOREN 
Das Verhaltnis zwischen Lichtausbeute und Zahlausbeute fir fliissige Szintillatorproben 
wurde untersucht und in Ubereinstimmung mit der Poisson Statistik gefunden. 
Es werden die Bedingungen beschrieben, unter welchen cine Ein-Kanal-Anordnung 
mit fliissigem Szintillator als Photometer verwendet werden kann und der Wert einer 
solchen Verwendung wird unter verschiedenen Aspekten der fliissigen Szintillator-Messung 


beleuchtet. 


FLUORESCENCE intensities of scintillation solu- determine the efficiency of the scintillator or 

tions responding to beta particles have been _ the effect of a quencher. Usually a photom- 

the subject of numerous investigations, eter or pulse-height analyzer arrangement 

particularly where it has been desired to is employed in this connection":*), although 
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quenching has also been studied by counting 
radioactivity in the sample containing quench 
and liquid scintillator.° In the latter case, 
it has been shown that counting efficiency 
usually decreases as an exponential function 
of quencher concentrations®. This paper 
presents an examination of the relationship 
between light output and counting efficiency 
count rate/disintegration rate) of liquid 
scintillation samples. The statistical proba- 


bility that a liquid scintillation counter will 
record the emission of a f-particle by C™ or 
H?, given that a certain number of photons 
are emitted by the sample in response to the 
absorption of a certain-energy /-particle, is 
the focus of the inquiry. 

Only the case of a liquid scintillation 
counter with a single photomultiplier tube 
(PMT) is considered in detail. 


STATISTICS 


The probability that a #-particle of a given 
energy will be detected by a liquid scintilla- 
tion counter depends on a number of factors: 

1) the efficiency with which the f-energy is 

converted to photon energy by the liquid 
scintillator and, thus, the number of photons, 
n,, emitted by the scintillator; 2) the 
geometric factor, G, expressing the fraction 
of n, that strike the PMT photocathode* ; 
3) the photoelectric efficiency, C, of the 
photocathode for the particular wavelength 
of photons emitted by the scintillator; } 
the factor by which photoelectrons emitted 
at the photocathode are amplified in the 
PMT and subsequent amplifier circuits; and 
5) the discriminator setting of the recording 
device (usually a scaler). 

Ordinarily it is possible to regulate the 
PMT voltage, amplifier gain and scaler 
discriminator to obtain a recordable pulse 
from even a single electron off the PMT 
photocathode, a condition that may be 
called one-electron counting. In such a case, 
the probability of detecting a B-particle 


depends on n,, G and C, and the question of 
detection probability is essentially one of 


determining the distribution of photons in 
the number of spaces defined by G and C. 
Thus. according to the Poisson expression, 
the probability that a -particle will not be 
detected under one-electron counting con- 
ditions is simply 


Pe e m ( 1) 


where P, is the probability of no photo- 


* Other factors that influence the amount of emitted light re 


the sample or scattering. may be included in G. 


electrons and 
m n GC, 


It follows that the detection probability is 
l Pe 

It is frequently found that a PMT cannot 
be usefully operated under one-electron 
counting conditions because it or other 
electrical components generate an excessive 
number of noise pulses. In such cases it is 
necessary to use a lower PMT or amplifier 
gain and/or raise the scaler discriminator 
level. each of which has the effect of requiring 
that an event result in more than one photo- 
electron from the PMT photocathode in 
order for the event to be recorded. 

The detection probabilities, where more 
than one photoelectron are required to 
produce a countable pulse, follow Poisson 
statistics in the manner of equation (1 
Thus, where two photoelectrons are required 
two-electron counting conditions), the de- 
tection probability that a given #-particle 
will not be detected is P, + P;, the sum of 
the probabilities that zero or one photo- 
electron will be produced. The detection 
probability is the probability that more than 
one photoelectron will be produced, P<: 


P., =! + me-™). (2) 
Values for the probabilities P,, where 
n=0, 1, 2, 3... photoelectrons resulting 
from a range of values of m, are given in 
Table 1. Detection probabilities are calcu- 
lated for each value of m by summing the 


aching the photocathode, such as self-absorption in 
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n=number of photoelectrons 
needed to produce a 
countable pulse 


© 


Counting efficiency, 


m, where m=n,GC 


Fic. 1. Counting efficiencies. 


probabilities of having too few  photo- 
electrons to produce a count and subtracting 
the sum from unity. Table 2 enumerates 
detection probabilities associated with a 


value of m of 0.1-9 for conditions requiring 
1-9 photoelectrons for counting. The values 
of Table 2 are partially given in graphical 
form in Fig, 1. 

Precise application of the statistical con- 
siderations to counting practice requires 
that the energy spectrum of the f-emitting 
species counted be considered since the values 
of n, will vary with f-energy. Where the 
p-energy spectrum of an isotope is known, 
it is possible to weight the detection pro- 
bability for each energy value by its frequency 
of occurrence. The summation over the total 
energy range of such weighted detection 
probabilities gives the overall counting 
efficiency for the isotope. Of course, some 
error is expected when calculating P., 
where very few photons are emitted, since 
the Poisson expression makes the assumption 
in such cases that n,/(n, — | 1. This 
limitation was avoided as much as possible 
in the experiments described below by 
counting quenched solutions with one- to 
two-electron counting conditions only. 


It was noticed that the integrated detec- 


tion probabilities and the detection proba- 


bility for the average energy /-particle 
have nearly the same value under usual 
counting conditions, where the maximum 
useable counting efficiency is sought (one- 
to two-electron counting conditions) as 
illustrated in Table 3. Thus, in practice, the 
counting efficiency can be estimated from 
the average energy /-particle. The average 
energies of C'™ and H® betas are taken as 52 
and 5.2 keV, respectively, in this paper. 


Tasie 3. Calculated counting efficiencies 


n,/keV 


Isotope 
2 6.4 


6.1 


6.1 


Photo- 


Average 
electrons 8 


p-efficiency 


Integrated 
required efficiency 
0.99 
0.98 
0.96 
0.85 
0.295 
0.052 
0.0345 
0.0011 


0.98 
0.95 
0.94 
0.82 
0.287 
0.061 
0.0355 
0.0009 


N — NO = 


n=! 
2 
4 
4 
n=3 
/ 
/ 
Jlie / 
12 } / 
96] / - 
J / 
/ 
4 io? / 
/ #2 
/ 
/ 
/ 
19° 
10 
ad 
H? 0.11 0.1 |_| 
0.11 0.1 0.61 ‘a 
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EXPERIMENTAL 


The statistical relationship was tested with 
a single-channel counter at room temperature 
in two series of experiments. The liquid 
scintillation counter used was similar to the 
one described by Hopcson, ef al.‘® and was 
characterized as follows. The amplifier was 
calibrated by pulse generator and oscillo- 
scope. The PMT amplification was cali- 
brated by observing the average pulse height 
output of noise originating as random single 
electrons from the photocathode. It will be 
noticed in Table | that, as m becomes large, 
the probable number of electrons emitted by 
the photocathode becomes increasingly sym- 
metrical about the value of m; that is, 2, 
approaches m. For practical purposes, we 
may say that for m > 4,m ~ n,. Therefore, 
it was possible to determine sample geometry, 
G, by comparing the signal strength from 
the PMT when a radioactive liquid scintil- 
lation sample was unmasked with the signal 
obtained when the sample was masked to 
give a well-defined geometry. The photo- 
electric efficiency of the PMT was found by 
using different concentrations of scintillator 
in toluene to vary n,. Since G and C were 
constant, it was possible to plot In (1 Ise 
vs. n,. That is, from equation (1), the log 
of P, was plotted against the average number 
of PMT photoelectrons per nuclear dis- 
integration (obtained by oscilloscope ob- 
servation). Since the slope of the curve was 
GC, and G had been determined, the photo- 
electric efficiency, C, for the observed wave- 
length was easily found. 

The first series of experiments compared 
the values of numbers of electrons required 
from the photocathode of a DuMont K1448 
PMT at several voltages as estimated from 
C™ and H? counting efficiencies. The liquid 
scintillator was prepared by dissolving 6 g 
of 2-phenyl-5-(4-biphenyl)-1,3,4-oxadiazole 
‘PBD) and 100 mg of 1,4-di-(2-[5-phenyl- 
oxazolyl])-benzene (POPOP) per 
toluene. The f-energy conversion efficiency 
of the solution was found to be 1.9 per cent 
at 20°C when equilibrated with air. Samples 
were prepared in 3 dram glass vials; the 
values of G for 10 ml samples standing on the 


litre of 


vertically mounted PMT was 0.11. No 
reflector was used. The photoelectric efh- 
ciency of the photocathode (S-11) was found 
to be 0.10 toward the scintillator radiation. 
The value of m for an average -particle is 
estimated from the foregoing to be 0.35 for 
H’ and 3.5 for C' in this series of experiments. 
Activity was added in the form of tagged 
toluene. 

Two samples, one tagged with a known 
amount of C™ and the other with a known 
amount of H®, were each counted with the 
PMT voltage at a number of increments 


TABLE 4. 
needed for counting at several photomultiplier 


Apparent number of photoelectrons 


tube voltages 


Photoelectrons 


Counting efficiency 


needed at 


Voltage efficiency of 


H® 


0.016 
0.05 
0.10 
0.19 
0.46 


0.78 


1100 
1120 
1140 
1160 
1180 
1200 
1230 
1260 
1300 6.51 
1380 10.0 


* \ alue not reported be« ause ot ose illose ope evidence 


of amplifier overloading 


between 1100 and 1380. The counting rates 
were corrected for coincidence and 
background. The counting efficiencies, taken 
as the ratio of net counts per minute to 
disintegrations per minute in each case, and 
the average values of m given above were 
used to estimate the apparent number of 
photoelectrons required for counting at 
each voltage. These estimates are given in 
Table 4 where, it may be noted, the numbers 
in the last two columns are in substantial 
agreement. 

The second series of experiments compared 
the decrease in C™ and H® counting effi- 
ciencies upon addition of CCl, to liquid 


losses 
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laste 5. CC 1, quenching of PPO 


C™, observed 
PMT 
V A Counting 
efficiency 


1100 0 
0.032 
0.053 
0.105 
0.158 0.029 
0.210 0.012 
0 0.782 
0.032 0.530 
0.053 0.386 
0.105 0.172 
0.158 0.077 
0.210 0.038 


0.703 
0.416 
0.252 
0.082 


scintillator solution. Diphenyloxazole PPO), 
t g/l. in toluene, was used as the scintillator 
and had a p-energy conversion efficiency 
of 1.3 per cent at room temperature when 
equilibrated with air. Five-milliliter samples 
were used, for which the values of G was 
0.13. An EMI 9526B PMT was used, for 
which C = 0.077 for diphenyloxazole radia- 
tion. Thus, m for an average /-particle was 
taken to be 2.2 for C™ and 0.22 for H® in 
this series of experiments. 

Three series of solutions were 
that were identical except that one was 
unlabeled, for background measurements, 
one contained known amounts of C™-tagged 
toluene and one contained known amounts 
of H*-tagged toluene. Each series consisted 
of samples having CCI‘ concentrations of 0. 


prepared 


H®, calculated 
H®, Observed 


counting 
m Counting 8 


efficiency 


efficiency 


0.22 

0.125 
0.085 
0.040 
0.022 
0.014 
0.22 

0.125 
0.085 
0.044 
0.026 
0.015 


0.029 
0.010 
0.0048 
0.001] 
0.0004 
0.0002 
0.070 
0.029 
0.017 
0.006 
0.0027 
0.0014 


0.027 
0.0076 
0.0035 
0.0009 
0.0004 
0.0002 
0.071 
0.026 
0.015 
0.005 
0.0023 
0.0013 


0.032, 0.0526, 0.1052, 0.158 and 0.21 M. 
The samples were counted with the PMT 
at 1100 V and again at 1150 V. The C4 
and H®* counting efficiencies in the absence 
of CCI* indicated that the number of photo- 
electrons required for counting at the 
voltages were 1.8 and 1.5, respectively. 

Results are given in Table 5 as follows: 
The value of m corresponding (in Fig. 1) to 
the counting efficiency of each C™ sample 
is given, and 10 per cent of the number is 
taken as the expected values of m for the 
corresponding H? samples; the counting 
efficiency corresponding to m of H? is taken 
from Fig. 1 and compared with the observed 
counting efficiency for each H?-tagged 
sample. 


two 


DISCUSSION 


The first series of experiments tested the 
statistical method over a ten-fold difference 
in average photon output and over a large 
change in PMT gain. The second series of 
experiments utilized the ten-fold difference 
in average photon output from liquid 
scintillator samples on absorption of C™ and 
f-particles together with quenching 
to test the method, where as many as 220 or 
as few as 1.4 photons were produced per 
average disintegration. The correspondence 
between the required photoelectrons at 
several PMT voltages deduced from C™ 


and H® counting efficiencies, as shown in 
Table 4, and the correspondence between 
the expected and observed H* counting 
efficiencies in Table 5 provide reasonable 
evidence concerning the correctness of apply- 
ing Poisson statistics to a wide range of 
counting conditions. The evidence indi ates 
that estimates of numbers of photons emitted 
by liquid scintillator solutions can be 
obtained from counting efficiency data by 
using the average p-energy of the isotope 
being counted. 

It is appreciated conditions 


that not 
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covered in the experiments described may 
require more detailed methods, such as 
integrations over the f-energy spectrum or 
use of the binomial distribution law without 
special assumptions, in order properly to 
determine fluorescence intensity from count- 
ing efficiency. 

The non-integral values for the apparent 
numbers of electrons needed for counting 
are to be expected because of the statistical 
variation in electron amplification at each 
PMT dynode.‘’:*? 

An important application of the method 
concerns the analysis of the effect of quench- 
ing on counting efficiency. It can be seen in 


Table 5 that the diminution of photon 
output by addition of a quencher is independ- 
ent of the isotope or PMT voltage, as 
expected. However, the same cannot be 
said of the diminution of counting efficiency. 
Thus, it is worthwhile to convert counting 
efficiency to light intensity when interpreting 
quenching data. 

Since two-channel coincidence liquid 
scintillation counting data can be converted 
to single-channel count rate data”), the 
method can also be used with dual-channel 
instruments where the characteristics of 
each channel are known. 
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A Novel Method for Preparing Small 
Particulate Radioactive Sources of High 
Intensity from Attapulgite Clay 
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Introduction 

Most radioactive sources of sufficient intensity for 
radiation-synthesis studies are presently made by 
encapsulating the radioactive material in metallic 
containers. Due to considerations of geometry, higher 
activities must be used than in the case of small 
particulate sources to produce equivalent radiation- 
induced effects. In radiation synthesis, particulate 
sources would readily lend themselves to flow-type 
systems, similar to chromatographic columns, through 
which reactants would be passed. The intimate 
contact between sources and reactants would maxi- 
mize the efficiency of utilization of the radiation. In 
addition, the sources would allow the simultaneous 
use of catalytic agents included during fabrication. 


Method of preparation 


It has been found in this laboratory that high 
intensity sources can be fabricated by evaporating to 
dryness a nearly saturated salt solution in contact 
with attapulgite clay, followed by firing of the clay 
at elevated temperatures. Simulated sources were 
prepared from silver-110 and cerium-144, with total 
loading greater than 8 milliequivalents per gram 
being effected. Any cationic radioisotope can be used. 
Loaded attapulgite is fired to fix the radioactivity in 
the solid matrix. When firing is effected at approxi- 
mately 1000°F, the structural integrity of the individ- 
ual particle is maintained. At temperatures around 


INERT GAS 


FEED STREAM 


technical 


SEPARATED 
PRODUCT 


2000°F, the loaded attapulgite melts to form a single 


mass. 
Utilization capabilities 


Probably the most useful application of this typ« 
source would be in radiation synthesis. Particulate 
sources of any practical mesh size can be used in 
either a flow- or batch-type system, allowing the 
intimate contact of reactants with the sources. An 
experimenter may vary the type of radiation, particle 
size, and half-life. For instance, for a minimum 
quantity of external shielding for a given rad dose 
to the reactants, an energetic beta-emitter would be 
used, with a small particle size for the clay matrix. 
A short-lived material could be used for all preliminary 
work to minimize hazards to personnel and permanent 
contamination of facilities. 

These type sources would be of maximum benefit 
in those instances where combined heterogeneous 
catalysis and radiation-induced synthesis would be 
studied with the added parameter of temperature. 
Figure | shows a simplified flow diagram of a system 
that could be used in combined radiation-catalysis- 
heat synthesis. In certain systems, synergistic eflects 
would undoubtedly be noticed. In these, inordinate 
interrelated influences of two parameters, such as 
temperature and pressure, or temperature and dose 
rate, would be exhibited. The flow-rate could be 
decreased to zero to convert the system in Fig. | to a 
batch-type system, and at the appropriate time, the 
reactor vessel could be purged with inert gas to 
remove the mixture of reactants and products. 

The use of solid sources of various geometries, such 
as large flat discs or squares or hollow cylinders, 
could have many applications. Such sources can be 
prepared by using molds of the proper shape and 
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Fic. 1. Flow diagram for a radiation synthesis system for gases 
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proceeding with the method outlined above, with 
the extension of the firing temperatures to higher 
levels. At about 2000°F, the loaded attapulgite 
melts into a single fused mass. The degree of porosity 
of the mass depends on the rate and programming of 
firing, in addition to the pressure in the firing vessel. 
It is believed that smooth, low porosity sources can 
be fabricated by programming the temperature rise 
and maintaining a low pressure during firing. 

Che contained activity of 8 milliequivalents per 
gram is equivalent to specific activities of 45, 35, 135, 
625, and 1950 curies per gram for the isotopes 
cesium-137, strontium-90, cobalt-60, cerium-144, and 
silver-110, respectively, assuming 50 per cent initial 
isotopic composition. Aqueous leach tests indicate 
that the radioactivity is “‘fixed”’, with less than 0.25 
per cent being leached in a one-week period. The 
degree of leaching would probably be much lower in 
gas phase or non-aqueous liquid systems. 

The use of flow reactors, such as that in Fig. 1, 
would be restricted to gas or liquid phase systems in 
which polymerization does not play a major part. 
\dditional studies are needed to check the long- 
term leaching and the radiation stability of sources 


prepared from attapulgite clay. 


Summary 


\ novel method of preparing small, particulate, 
radioactive sources of high intensity from attapulgite 
clay is described. Non-encapsulated sources of this 
type would probably be suitable for flow-type 
reaction systems for radiation synthesis. In such 
systems, maximum efficiency of the radiation could 
be achieved and combined heterogeneous catalysis- 


radiation from the same material could be utilized. 
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A Technique for the Resolution of 
Complex Gamma Spectra using 
a Single-Channel Gamma-Ray 
Spectrometer 
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IN RADIOCHEMICAL analysis, it is often desirable to 
radioassay a single radioisotope which is present in a 


mixture of radioisotopes. If the isotope of interest 
has a short half-life or is chemically similar to other 
radioisotopes in the mixture, it is generally not 
possible to carry out a chemical separation prior to 
the analysis. This situation requires the use of a 
radioassay technique which is capable of distinguish- 
ing and measuring the selected radioisotope while it 
is still present in the mixture. 

The radioassay of a number of mixtures containing 
chemically identical radioisotopes is carried out 
routinely at Battelle. The mixtures are analyzed by 
employing a simple technique to resolve the complex 
gamma-ray spectrum of a mixture into the contribu- 
tions from the individual radioisotopes. ‘Two typical 
examples involve the determination of cestum-137 in 


the presence of cesium-134 and the determination of 


cobalt-58 in the presence of cobalt-60. These analyses 
are important because fission-product cesium-137 is 
used to measure the extent of fission burn-up in 
uranium reactor fuels and the accompanying cesium- 
134 must be excluded from the determination 
because its rate of production is time dependent. 
Cobalt-58 is produced through the (n, p) reaction 
on nickel-58 and is used as a fast flux neutron 
dosimeter. The cobalt-60 is produced through the 
activation of trace quantities of cobalt in the nickel 
and must be excluded from the radioassay. 

A number of papers have been published on the 
resolution of complex gamma-ray spectra into 
the contributions from individual radioisotopes in the 
mixture. 
resolution of cesium-137-cesium-134 mixtures in 
which the peak height of the 790 keV cesium-134 
photopeak is used to estimate the cestum-134 contri- 
bution to the 620 keV photopeak (Fig. 1). The 
cesium-137 disintegration rate is then determined 
from the corrected counts under the 620 keV photo- 
peak. The author reports satisfactory resolution of a 


has suggested a technique for the 


number of cesium-137-cesium-134 mixtures but our 
experience indicates that cesium-137 contributes 
measurably to the 790 keV photopeak and would 
thus decrease the accuracy of the cesium-134 deter- 
mination at high cesium-137 concentrations. KINsLEY 
et al.) have proposed a method for determining 
cesium-137 in cesium-137-cesium-134 mixtures 
through quantitative assay of the conversion X-ray 
from cesium-137. A number of papers“~* have been 
presented on the isotope-stripping technique for 
resolving gamma-ray-emitting mixtures. In_ this 
procedure, standard gamma-ray scans for individual 
radioisotopes are successively subtracted from a scan 
of the mixture until the mixture has been completely 
resolved. This technique is satisfactory for a wide 
range of radioisotope mixtures but a multichannel 
pulse height analyzer is required. 

The technique described in this paper has the 
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advantage of being simple, applicable to a single- 
channel gamma-ray spectrometer, relatively insensi- 
drift, the 
resolution of a wide variety of gamma-emitting iso- 


tive to spectrometer and suitable for 


topes. The technique is described in terms of the 
resolution of the complex spectrum for the cesium-134- 
cesium-137 mixture presented in Fig. 1. 

The 


the observed spectrometer counting rate varies as the 


contribution of cesium-134 or cesium-137 to 


is adjusted to register only certain 


the 
obtaining counting rates for an unknown cesium-134- 


spectrometet 
energy ranges of gamma-ray spectrum. By 
cesium-137 mixture at two spectrometer base settings 
and then obtaining the counting rates of pure samples 
of cesium-134 and cesium-137 at the same settings, 
it is possible to calculate the relative counting contri- 
butions of cesium-134 and cesium-137 in the unknown 
mixture. 

In a typical analysis of a cesium-134-cesium-137 
the 
register all gamma rays of higher energy than the 


500 keV. This 


mixture, spectrometer base level was set to 


valley at approximately point is 


indicated in Fig. | by the vertical line to the left of 


the 620 ke\ peak. 


this base level were then taken for the cesium-134- 


Successive counting rates above 


cesium-137 mixture, a cesium-137 standard, and a 
cesium-134 standard. The spectrometer base level 
was then set to register only gamma pulses with an 
energy 720 keV and the 
counting the cesium 
This base 


higher than the valley at 
taken 
mixture and the two cesium standards. 


rates were again for 

level is indicated in Fig. | as base line 2. 
If we define: 

counts/min 


M observed minus background 


of mixture above Base | 
observed counts/min (minus background 
of mixture above Base 2 
above Base | due to cesium-1!37 
above Base | due to cesium-134 
counts/min above Base 2 due to cesium-137 
counts/min above Base 2 due to cesium-134, 
then: 
Ag, Ag, M, l 
Bs, By, N. 2 
If we let Ag, and B,,' represent the counting rates 
for the cesium-137 standard above base lines | and 
2, and A,,’ and B,,’ represent similar counting rates 
for the cesium-134 standard, define the 
additional expressions : 


we can 


activity (Counts /Min 


Rodi 


= 
> 
5 
2 
2 
4 


Fic. 1. Gamma-ray spectra for cesium-134 and 


cesium-137. 


The values of /, and /, may be calculated from the 
known values of A’ and B’. By combining equations 
1)—(4 


we obtain: 


fy 


fa 
' N —f,M 6 
) 
34 So 


Equations (5) and (6) are readily solved to yield the 
counting rates above Base | for the cesium-134 and 
cesium-137 in the mixture. The disintegration rates 
of these isotopes may be obtained by dividing A,, 
and A,, by the appropriate detection efficiencies 
calculated from the and cesium-134 


standards. 


cesium-137 
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Analysis of cesium-137-cesium-134 mixtures 


Cesium-134* 


Gross (counts/min) cesium-134 


Cesium-137* 


Gross (counts/min) cesium-137 Added Determined Error Added Determined Error 
counts/min counts/min)t counts/min counts/min)t 
Approximately 1:10 10,400 11.060 6.3 72,450 71,766 1.0 
Approximately 1:2 21,020 21,290 1.3 29,200 29,030 0.6 
Approximately 1:1 $2,230 $2,380 0, 29,040 28.890 0.5 
\pproximately 2:1 $1,750 #2.100 -0.8 14,470 14,530 0.5 
\pproximately 10:1 103,650 103,150 0.5 7.200 7.550 4.8 


Analysis of cobalt-60-cobalt-58 mixtures 


( obalt-58t 


Gross (counts/min) cobalt-58 


Cobalt-60% 


Gross (counts/min) cobalt-60 Added Determined Error Added Determined Error 
counts/min counts/min)* counts/min counts/min)* 
\pproximately 1:10 8,070 7,920 1.9 150.850 150,100 0.5 
Approximately 1:2 15,880 15,230 t.] 59,290 60,490 2.0 
Approximately 1:1] 31,750 30,890 2.7 59,610 60,630 1.7 
\pproximately 2:1 31.890 31,690 0.6 29.760 29,750 0.0 
Approximately 10:1 80,100 79,900 0.3 15,120 15,240 0.8 


spectrometer. 


In principle, the two base levels may be set at any 


two points on the gamma-ray spectrum to resolve 
the mixture. However, the per cent error in the 
calculated cesium-137 or cesium-134 counting rates 
which results from uncertainties in the observed 
counting rates is a minimum when the ratio /,//, is 
large. Thus, in resolving a mixture, it is desirable to 
set the base levels so that one component of the 
mixture predominates at one base level while the 
other component predominates at the other base 
level. 

The results obtained in the resolution of a number 
of cesium-134-cesium-137 mixtures have been tabu- 
lated in Table 1. Mixtures were prepared in which 
the ratio of gross cesium-134 counts to gross cesium- 
137 counts varied from 0.1 to 10. As expected, the 
highest accuracy was obtained for the analysis of 
the major component in the mixture. Errors were 
generally within 2 per cent except in those cases 
where the identified component to be determined 
constituted less than 10 per cent of the gross radio- 
activity. The estimated standard deviation of the 
reported results, based on uncertainties in the 
observed counting rates, is +2 per cent. 

In addition to the cesium-134-cesium-137 results, 


lhe indicated counting rates were taken at a base level of 0.5 MeV and represent an average of two determinations. 
\ll counting rates were obtained with a Nuclear-Chicago Model 1820 single-channel gamma-ray recording 


he indicated counting rates were taken at a base level of 0.6 MeV and represent an average of two determinations. 


information is included on the resolution of the 


composite spectrum obtained from a mixture of 


cobalt-58-cobalt-60. The resolution of these two 
isotopes demonstrates the general applicability of the 
method. 

This method of analyzing mixtures of gamma-ray- 
emitting isotopes is rapid and simple. It has also 
been our observation that the results obtained by 
this method on the analysis of interlaboratory 
cesium-137-cesium-134 mixtures are at least of 
equivalent accuracy to those obtained by other 


suggested techniques. 


J. E. Howes Jr. 
D. N. SUNDERMAN 


Radioisotopes and 

Radio Research Div. 
Battelle Memorial Institute 
Columbus 1, Ohio, U.S.A. 
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Liquid Scintillation Counting of H,S* 
Receii ed 24 Jul) 1961 


DurinG the course of some H,S reaction studies it 
became necessary to measure the activity of large 
numbers of samples of H,S* taken from a gas stream 
We 
possess a Packard Tri-Carb automatic liquid scintilla- 
tion counter which dictated the sample container 


containing 0-100 per cent H,S in nitrogen. 


dimensions. Furthermore, in the interest of facility 
and speed we wished to avoid the usual gas-handling 
system with its inconvenience and possibility of con- 
tamination. Therefore, removal of the sample with 
a glass hypodermic seemed the simplest approach. 
While a_ high 
hydroxide (e.g. Hyamine-10 X) is a useful reagent for 
fixing an acidic gas in the normal counting solution 
it possesses two drawbacks. First, it is a strong 
quench: 0-1 M will reduce S® efficiency by almost 


50 per cent; the second and possibly more serious is 


boiling quaternary ammonium 


that the base does not quench to exactly the same 
degree as its reaction product with H,S. Thus for 
maximum precision one should introduce the same 
total amount of H,S into each counting vial, a rather 
difficult procedure in a system where the H,S content 
varies. 

An alternative possibility is to dispense with a 
fixing agent and rely on the solubility of H,S in the 
toluene of the scintillator solution. 

It has been shown" that the mol. fraction of H,S 
in toluene at 20°C in equilibrium with | atmosphere 
of H,S is 0-0672. When | ml of H,S (~40 «moles 
is introduced into 10 ml of toluene, the mol. fraction 
10~*. The pressure of the H,S 
above 20°C, will then be about 
6-5 10° atmospheres. If the 
10 ml, then the percentage of the gas which will 
per cent at 20°C, 


will be about 4-4 
the solution, at 


vapour space is 


reside in the vapour space will be 7 
At —5°C the fraction in the vapour space will be 
considerably less than this and should be negligible. 

In view of the possibility of thus assaying gas 
injected directly into conventional counting solution 
(6 g/l. PPO, 0-1 g/l. POPOP), the cap of a Packard 
sample vial was modified to permit ready injection 


2 mm HOLE 
CAP OF VIAL 

. SILICONE RUBBER 
2mmxlOmm 


STIFF TEFLON GASKET 


2 mm HOLE 


1. Modified vial cap for H,S* counting. 


of the gas and yet to prevent H,S leakage from the 


vial. This is shown in Fig. 1. A series of such vials 


containing increasing volumes of H,s* was counted 
after varying periods to determine the linearity of the 
calibration curve (a measure of both quenching and 
loss of gas to the vapour space) and the change of 
time. The data are presented in 


this curve with 


Fig. 2. 
clear that loss of the H,S® to the vapour space is 


In view of the excellent line obtained it is 


negligible and that quenching by H,S is no problem. 
Furthermore, up to twelve hours may elapse with no 


significant loss of activity. Occasionally a sample 


loses activity rapidly (in a few hours). This is due 


to a leak and is readily corrected by insertion of a 
new Teflon gasket and silicone rubber diaphragm. 


The method has also been used for counting 


Counts min 10° 


* ACTIVITY AT START 
4 x ACTIVITY AFTER 12 HOURS AT-5°C 
& ACTIVITY AFTER 40 HOURS AT-5°C 


A. 


2 3 5 
em? H,S/10 mi COUNTING SOLUTION 


Fic. 2. Effect of time on radioassay of H,S®. 
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gaseous hydrocarbons such as butanes with satis- 
factory results. 
light hydrocarbons in toluene, these compounds can 
be assayed at higher concentrations with a corre- 
sponding increase in sensitivity. 

lhe simplicity of the method suggests that it may 
also be used for other gases such as SO,, CO, ete. 
provided that such factors as solubility and quench- 

The thes« 


calculated from known data, the second is easily 


ing are favourable. first of may be 
measured. 

B. E. Gordon 

H. R. Lukens, JR. * 
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Shell Internationale Research 
Vaatschappij N.V. 
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Shell-laboratorium 
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A Simplified Method for Preparing 
I'*'-Labelled Hippurant 


Received 17 October 1961 


obtained 
when externally situated radiation detectors are used 


RADIOACTIVE renograms are the records 
to follow the uptake and excretion by individual 
kidneys of a suitable test substance administered 
intravenously. The procedure promises to be of 
considerable potential value as a simple clinical test, 
particularly in hypertensive patients who might have 
unilateral renal disease. The original test substance 
used for this purpose was I"*!-labelled diodrast,"-*) 
but uptake by the liver caused technical difficulties. 
Other tried, but it now 
appears that I'*!-Jabelled o-iodohippurate (Hippuran 


substances have been 
is the ideal material since it is cleared from the plasma 


by the kidneys specifically’. Moreover, it gives 
results which do not differ greatly from those obtained 
with p-amino hippurate when it is used in the con- 
ventional manner for the determination of effective 
renal plasma flow’. If the kidneys are regarded as 
the target tissue, a tracer dose of 5 uc of I! Hippuran 
in a normal person involves an absorbed radiation 
dose of 1-2 mrads; this is some two orders of magni- 


tude smaller than that obtaining with Rb**, the use 


* Shell Development Co., Emeryville, California, U.S.A. 
+ “Hippuran”’ is the registered trade name for inactive 
material supplied by the Mallinckrodt Chemical Works. 


Because of the greater solubility of 


of which has recently been suggested for the detection 
of unilateral renal artery stenosis"®?. 


available but is somewhat expensive, the more so if 


Hippuran is now commercially 
the user is remote from a source of supply so that air 
On the other hand, 


most hospitals which are equipped for radioisotope 


freight charges are incurred. 


work normally carry stocks of I'*! so that the availa- 
bility of a simple, rapid and inexpensive method for 
preparing I'*! Hippuran for clinical use can result in 
economies and convenience. 


considerable greater 


The methods described originally'”) make appreciable 
demands on time, skill and facilities. It has been 
found possible to simplify the exchange method so 
that these demands are substantially reduced. 

The stock solutions used are: 

sodium o0-iodohippurate dihydrate (180 mg/ml 

0-01 M and 0-1 M potassium iodide 
0-005 M potassium iodate 
N and N/10 sodium hydroxide 
N and N/10 hydrochloric acid 
N/10 sodium sulphite or metabisulphite. 
2 mc 
in minimal volume is placed in a 8-10 ml capacity 


The required amount of carrier-free ['*1(1 


tube which should have a ground glass stopper and 
hooks for retaining springs. 0-1 ml of 0-01 M KI 
solution is added, 0-1 ml of N/10 HCl and 0-1 ml of 
KIO,. 


agent, additional iodate should be added until the 


If the radioiodine solution contains reducing 


brown colour of the liberated elementary iodine is 
apparent. 2 ml of Hippuran solution are added, and 
the pH of the mixture checked with narrow range 
It is adjusted to pH 5-8-6-0 if 
necessary by the addition of one or two drops of N/10 
HCl or NaOH. The stopper is then inserted, held in 
position with springs or rubber bands; and the tube 


indicator paper. 


is left to heat in a boiling water bath for two hours. 
The tube is cooled with tap water, 0-1 ml of N HCl 
are added; and the resulting brown colour removed 
by the dropwise addition of sodium sulphite solution. 
About | ml of 0-1 M Kal is then added followed by 
1 ml of N HCl. 


min and then centrifuged for about 30 sec after which 


The tube is cooled in ice water for 5 


the supernatant liquid is removed. 

The o-iodohippuric acid precipitate is dissolved in 
1 ml of N NaOH and 2-3 ml of water. | ml of 0-1 M 
KI is again added, and 1:5 ml of N HCl. After cooling 
in ice water, the precipitate is spun down, the super- 
natant removed and the acid redissolved in | ml of 
N NaOH. 

If the material is required for quantitative work, 
in which case it is necessary to remove as much as 
possible of the inorganic I", the above purification 
step can be repeated. The presence of inactive iodide 
is not important. The solubility of o-iodohippuric 
acid in N/10 HCl is about 3-8 mg/ml at 4°C, so that 
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about 5 per cent of the material may be lost each 
time this step is repeated. 


Finally, the solution is diluted with a few ml of 


water, neutralized with N HCl using wide range 
indicator paper; and further diluted with pyrogen 
free isotonic saline to give a convenient con: entration 
of 5-10 we/ml before dispensing into suitable dose 
bottles. Sterilization is effected by autoclaving at 15 


Ib/in® steam pressure for 15 min in a pressure cooker. 


The radioactive yield is between 80 and 90 per cent. 
‘The specific activity of the preparation is adequate as 
evidenced by the clinical results obtained in several 
hospitals, these results being consistent with those 
published by workers in the U.S.A. 
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On the Determination of Disintegration 
Rates by the Coincidence Method Using 
High Efficiency Detectors 


Received 12 July 1961 


IN A recent paper, CAMp1on") discusses the corrections 
pertaining to the determination of a disintegration 
rate by the 4nf-y coincidence method where high 
efficiency detectors are employed, and he gives an 
experimental verification of the validity of these 
corrections. This correspondent would like to make 
a few additional observations on the coincidence 
method when applied under these high-efficiency 
conditions. 

The beauty of the coincidence method, as it is 
customarily applied in situations where the detectors 
are of low overall efficiency, is that the disintegration 
rate of a radioactive nuclide can be expressed 
where two or more simultaneous radiations are 
emitted) in terms of directly observable quantities. 
One need know only the counting rates of the individ- 
ual detectors and the true coincidence counting rate 
between them. The true coincidence rate can be 
found by subtracting from the observed total coinci- 
dence rate the chance or accidental coincidence rate. 
This accidental rate can be determined by using two 
independent and isolated sources or by artificially 
introducing a delay into one of the detector channels 
so that the possibility for a true coincidence is 
completely eliminated. Dead-time effects do not 
appear explicitly in the expressions for coincidences 
as they are automatically accounted for when the 
coincidence rate is expressed in terms of the single- 
channel rates. For details of the method see, for 
example, DunwortH®? or PuTMAN"), 

When the efficiencies of the detectors are increased 
so that higher-order terms in the efficiency can no 
longer be neglected, many of the above advantages 
are lost. Dead-time corrections become important, 
and the chance coincidence rate no longer remains 
a direct observable. This complication requires that 
both the individual channel dead times and the 
coincidence resolving time must be determined in 
addition to the individual channel and total coinci- 
dence counting rates. 

The question of how one expresses the disintegra- 
tion rate in terms of these quantities is partly a 
philosophical one. CAmpion chooses to make a 
separation of the total observed coincidence rate 
into “trues” and “‘accidentals’’. The “‘trues’’ contain 
terms involving the single-channel dead time, rp, 
and the “accidentals” involving only the coincidence 
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resolving time, t,. .\ point of interest here is that 
Campion’s accidentals contain coincidences between 
separate, but not necessarily unrelated events, i.e. 
an event where the / is detected in one counter and 
no y in the other, which is followed by another event 
within the time resolution of the coincidence mixer 
where the » is counted but the f is not. This latter 
fp was not counted because the f-channel was dead 
from the preceeding event, but had this channel not 
been dead, the latter / either would have been 
counted or would not, depending solely on the 
efficiency of the f-counter which can be between 
zero and unity. Only those coincidences where the 
latter would not have been counted if the #-channel 
were alive can be considered “‘chance”’ coincidences 
in the statistical sense of the word, while the remain- 
ing coincidences can be considered to be true 
coincidences, albeit between different events. 

On the other hand, this separation into “trues” 


and “accidentals” is only an artifice, since in no 
case can the ‘accidentals’? be measured directly or 
indirectly. It would, perhaps, be better to start from 
the definition of a coincidence, true or otherwise, and 
express the disintegration rate in terms of this total 
coincidence rate and the single-channel counting 
rates. 

The single-channel rates are affected by the in- 
dividual channel dead time, r,. In a modern coinci- 
dence mixer where the coincidence resolving time, 
Tp, is determined by a passive element in order to 
achieve a truly non-extendable resolving time, 7, is 
usually greater than ry». 

Consider a situation where ny disintegrations per 
second are occurring with the emission of cascade 
radiations | and 2 which are detected in channels | 
and 2 having efficiencies ¢, and é,, respectively. 
The efficiencies are understood to include the in- 
trinsic detection efficiency as well as that due to the 
solid angle subtended by each detector. In an 
interval +, there are nge,7, probable counts that are 
lost from channel | because detector | is dead. There 
are m, counts or intervals per second, so that the 
channel | true counting rate is 


My + l 
giving 
Noé 
0 
ny 2 
1 + 


Similarly we have for channel 2 
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Likewise we can determine the coincidence count- 
ing loss due to the dead time of the mixer circuit. 
This dead time is dependent on the coincidence 
resolving time and the single-channel dead times 
where for simplicity we have assumed the latter to be 
We take the 


directional correlation modify 


equal. also into account possible 


the 
efficiency for simultaneously detecting the coincident 


which would 


radiations. This correlation can be expressed as a 


factor, /(0) which is of the form 


¥ 


> a) P. (cos 6 


com idenc c 


We consider all possible ways that a 


may be registered. Then, from the dead _ times 


involved, we find that there are 
f (6 
0 
probable coincidences that are lost in the interval. 
The 


mixer is dead for an interval +, after a coincidence 


N Nol (9 Tp — Te), (1 
&,(1 
Tp, after registering an cvent. coincidence 
event has been registered, and is dead for an interval 


Ty — Te after a single-channel event has been 
registered, the mixer being alive for the interval Tp 
immediately after the single-channel event. 
The corrected coincidence rate is thus: 
4 


which becomes, neglecting higher-order terms in the 


9 2 
(1 


resolving time and dead time, 


&,(1 
Nn 


We note that to the first order 


Ny 
- €9f(0) and 


&J(9) (6 


for which approximation we can express the disinte- 


gration rate in terms of physically measurable 
quantities ; 

9. | 

Ny 2n (n, 


l p 
When either detector approaches 100 per cent 
the f(0), 
unity chance 


correlation factor, 
the 


coincidences given by the last term in the numer- 


angular 
‘) while 


efficiency, 
approaches genuine 
ator of expressions (5) or (7a) approach zero. 
Equation (7a) has been derived without consider- 
ing background effects. When are 
incorporated we can rewrite the expression as 


these effects 


Bo BG 
nm, — ny l 


+ Ny 


n 
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* A very suitable source for this application would be Cs", 
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where n,*", and are the background counting 
rates in each of their respective channels. 

If one of the 
probability over all directions or if 


detectors has uniform detection 


angular 
correlation exists at all, then /(@) equals unity and 


no 
expression (5) can be rewritten in the form equivalent 
to CAMPION’s treatment: 


) 
NyNy | T (2 8 
No l 


can be 
the 


Both +, 
experiment. [In 


and rt, evaluated in a single 
that is to 


y coincidence experiment, for 


lieu of source be 
calibrated in the 
example, a special source is employed consisting of 
non-coincident /-and +-radiations* where the activity 
is approximately equally distributed on two semi- 
circular mounts such that the total activity distribu- 
tion is approximately that normally used in the 
tri chamber. These semicircular mounts need to 
be so constructed that one can be added or removed 
without disturbing the other. No particular attention 
need be paid to the source thickness. 

The single-channel counting rates and coincidence 
rate are determined with one source in place, then 
with the second source added, and then, finally with 
the first 
channel 
technique (e.g. 


source removed. The dead times for each 
can be found as in the usual two source 
Price 
counter dead times. The coincidence resolving time 


for the determination of 


can be found from the counting rate in the coincidence 

channel, noting that in this case the coincidences are 


NoTp* Not p®2 

given by the customary expression for the accident- 
als™ n, = 2rgnny. 

This test source can be used also to calibrate the 
of the well as to 
determine +r, and tr, in such a manner as not to 


energy response apparatus as 


require much more operating time than would 
normally be required to see that the equipment is in 
proper operating order. 

It may be instructive to see that the total coinci- 
typical 
overall 


for a 
the 


dence rate expected from equation (5 
coincidence measurement 


where 
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efficiency of each y-counter is 0.03, rp 10 usec, References 


| wsec, and my = 5 x 10° d.p.s. is about 0.3 1. Campion P. J. Int. J. appl. Rad. Isotopes 4, 232 
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per cent stnaller than the coincidence rate that would 1959). 

be obtained using conventional low-efficiency ex- 2. Dunwortnu J. V. Rev. sci. Instrum. 11, 167 (1940). 
pressions. [his discrepancy is somewhat greater 3. Putman J. L. Beta and Gamma Ray Spectroscopy 
than the statistical accuracy that is usually obtained (SrecBaAun K. Ed.) Chap. 26, Interscience, N.Y. 


in a routine disintegration-rate determination. (1955). 
. Haywarp R. W., Hoppers D. D. and Mann W. B. 
National Bureau of Standards R. W. Haywarp J. Res. Nat. bur. Stand. 54, 47 (1955). 
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Introductory Manual on the Control of Health 
Hazards from Radioactive Materials (M.R.C. 
Memorandum No. 39) H.M.S.O., 1961. 


WHEN the first version of this manual appeared in 
1949, it was the only document of its kind. In 
contrast, the present manual faces substantial com- 
petition, including the Stationary Office Code of Practice 
for the Protection of Persons Exposed to Ionizing Radiations, 
1957 (now under revision), and the similar code for 
University Laboratories, 1961. The M.R.C. Manual 
deals only with radioactive materials and sets out to 
be introductory rather than comprehensive, and 
within these limitations it stands up well to the 
competition. 

The general concept is good, and, for the most 
part, the needs of the typical reader are kept well in 
mind. The section on permissible levels is an excep- 
tion, where the natural desire to keep exactly in step 
with the International Commission on Radiological 
Protection has led to unnecessary complexity. In 
future editions, the Council would do well to follow 
the simplified presentation adopted in the Code of 
Practice of the Imperial College of Science and 
Technology. 

Misprints are commendably rare, the only serious 
one noticed being the substitution of 10~° for the 
correct 10-% in the maximum permissible concentra- 
tion of sodium-24 in water. A few slightly archaic 
concepts have been carried through from the original 
version (such as the requirement that a “Radiological 
Protection Adviser” should necessarily be a physicist), 
but only two of these are serious. In a rather weak 
section on radiation monitors, it is recommended 
that certain laboratories should be equipped with 
electronic dosimeters, rather than dose-rate meters. 
Further on, it is suggested that an ionization chamber 
instrument is suitable for contamination monitoring. 
The section on shielding against gamma radiation 
could usefully be strengthened, and a graphical 
presentation, taking into account multiple scattering, 
would be a great improvement. 

Special attention should be given to the tables of 
relative toxicity and the classification of laboratories 
by design standards, which are timely revisions of 
proposals which first appeared in 1954. It is to be 
hoped that the numerous codes which used the 
original proposals will be brought into line with this 
revision as soon as possible. 

The great merit of this manual lies in the fact that 
it is of general application and not restricted to any 
one type of laboratory, and that it is authoritative. 
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It gives clear and sound guidance to the user of 
radioactive material, avoiding the common fault of 
excessive caution while providing a set of rules which, 
if applied rigorously, will achieve an exemplary 
standard of safety. 


H. J. DuNsTER 


The Pathology of Ionizing Radiation 
graph) Surecps WARREN, Charles C. 
Springfield, Illinois, U.S.A., 1961, 38 pp. 


Mono- 


Thomas, 


Asout one hundred years ago the art of medicine was 
rapidly being put on a scientific foundation. The 
great anatomists had already described the major 
organs. The science of pathology was to describe the 
gross and microscopic structure of a person who had 
died—not only to “describe” but to correlate patho- 
One of the 
pathologists in the United States was Carl Vernon 
Weller. 
panded version of one of the Weller Lectures. 


logy with physiology. great anatomic 


This monograph by Dr. Warren is an ex- 


Historically ““medicine’’ modified the functions of 


the body with drugs. The expansion of the field of 
physiology into a s ience of physiological chemistry 
did not reduce the importance of anatomic pathology; 
it expanded it. had 
centered around Virchow and the glamour science of 


Just as anatomic pathology 


his day—bacteriology, the newer chemical pathology 
I 


Wells at the 
glamour 


centered around H. G. Unive f 


the 


rsity 


Chicago and science of his day 
biochemistry. 

fter the First World War, a third element becam« 
Not only 


dictated by anatomic structure and not only were the 


important. was the function of the body 
changes in function potentiated through chemical 
means, but there were also pure physical events 
observed that might be even more fundamental than 
gross biochemistry. One of the first of the physicians 
to look into the effects of a purely physical interaction 
Shields 
Warren, longtime professor of pathology at the 
Harvard Medical School, President and Chairman 


on the functions of the human body was 


and Consultant to innumerable organizations and 
societies relating to experimental pathology, and the 
first Director of the Division of Biology and Medicine 
of the United States Atomix 

Ionizing radiation, immediately after its discovery, 
was put to work in diagnosing and treating human 
ills. 
immediate nor obvious. 
the first of the pathologists to look into the subtle, 


Energy Commission. 


Most of the biological sequelae were neither 
Shields Warren was one of 
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sometimes delayed, and always confusing effects of 


ionizing radiation. 
The monograph starts out by following a historic al 


exposition, but this is liberally interspersed with a 


systematic description. For 


example, one of the first biologi al effects to be noticed 


pathology systematic 


was injury to the skin with delayed erythema and 
ulceration. This led in 1899 to the application of 
X-ray therapy to skin cancer and allowed pathologists 


to study the effects of large, albeit local, doses of 


radiation. 

lhe interspersed systematic descriptions are further 
interspersed with comments on radiobiological 
research that attempt to theoretically develop the 
pure description of events. ‘Thus there are comments 
on the work of Bergonie and Tribondeau, comments 
on Martland’s New Jersey watch-dial painters, the 
acute radiation syndrome, the linear vs. threshold 
controversy, and comments on the early use of tracers 
by Hevesey. 


Any 


discussions of dosage. 


discussion of effects ultimately involves 


“maximum background dose, 
whole-body compared to partial-body dose, linear 
energy transfer. Almost that 


remotely affects the pathologist’s judgement as to 


permissible dose,” 


every topic even 
what he has seen is disc ussed in the pe rspective ola 
pathologist trying to unde rstand what happens when 
ionizing radiation is absorbed within the body. 


As should be expected, there are biases. Dr. 


Warren has been known among a diverse group of 


scientists as the great peacemaker. He attempts to 


reconcile many viewpoints. For example, on p. 12 a 
table is given of the whole-body doses in which 1000 r 
is described as producing death within 30 days. On 


p. 15, 500 r is described as a dose that ‘would kill 


more than half of any group exposed.’ A number of 
patients have been treated with more than 1000 r of 


irradiation but have not died 
within 30 days. Many patients have been treated 
with more than 500 r but half have not died. This 


appears to be an attempt to mollify a politically 


acute total-body 


important group of radiobiologists who find that 
450 r is the 30-day LD,, for their particular mice. 
On p. 11 it is stated that radioactive isotopes were 
readily available in 1946. This should pacify the 
Atoms for Peace bubbleheads in Washington and is 
technically a true statement. Artifically produced 
radioactive isotopes were readily available in 1946 
and some people did get them. However, most 
physicians couldn’t fill out forms fast enough and 
didn’t get the isotopes until much later. Again on 


p. 11 the document states that . strontium-90, 


stratospheric fall-out, and food-chain concentration of 


radioisotopes have become virtually household topics 


of conversation.’ A study by sociologists in Nashville 


This brings up problems of 


at Vanderbilt University in 1960 discovered that an 
overwhelming proportion of households had never 
even heard of the atom bomb, let alone food-chain 
concentrations. The Atoms for Peace sloganry of the 
past ten years has been either a miasmi solicitation 
for scientific funds or a political apology for weaponry. 

Much of the human pathology is said to follow a 
description of the Hiroshima and Nagasaki exposures. 
Here 500 r or less is a sublethal, not an LD,, dose. 
One i 
desc ribed as 
manifestations.’ Then follow many pages of detailed 


rem (note the change in units) ts 


. often [resulting in] hemorrhagic 


thousand 


descriptions of the hematopoietic events. 
On p. 23 the latent period in the acute radiation 


‘ 


syndrome is described with the statement . some 
years later complications, such as anemia, leukemia, 
or cancer may develop.’ Leukemia has a basis of fact 
in animal work and in the very-high-dose Japanese 
survivors. It is a popular statement and is certainly 
the political party line, but there is no evidence for the 
statement in low-dosed humans. 

The old wives’ tale that leukemia is more prevalent 
among radiologists is re-emphasized on p. 31. Some 
good statisticians felt they had buried this misuse of 
statistics a number of years ago. On p. 32 it states 
that ‘in no human population exposed to significant 
amounts of radiation has the incidence of leukemia 
exceeded a few per cent. This is in sharp contrast to 
mice in which, with susceptible strains, an incidence 
of almost 100 per cent can be obtained.’ This state- 
ment has been verified, but the attitude that all 
radiation is bad is shown in the paragraph that 
plutonium is ‘fantastically tumorogenic in animals’ 
but no plutonium-caused tumors have been found in 
*... great care with which the 
atomic energy The next 
paragraph states that ‘strontium-90 has been shown 
to be an effective carcinogen in animals...’. Only 
by implication does one suspect that this carcino- 


men because of the 


industry operates. . 


genity hasn’t been found in man. 

Most of my criticisms of the monograph are carping 
interpretations of an attitude of thinking. The author 
develops a summary opinion of a complex field. 
There is no other summary review of the pathology of 
radiation in all its multiform aspects. One would not 

pathologist to learn 
even a nonspecialized 


expect an expert radiation 
anything from this book; 
pathologist should know everything that is stated; 
but this is a good statement for residents in pathology, 
for radiobiologists, for health physicists. 

The style of writing is a pleasure to read. 
monograph is bound, arranged, illustrated, 
printed well. The publisher should be complimented 
along with the author. This is a long review because 
the monograph is an important one. 


The 


and 


M. Brucer 
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